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2003 Crop Updates -  Weed Update 
Memories of 2002 will be dominated by the appearance of stripe rust in Western Australia.  Disease 
outbreak and the extremely dry conditions in many areas severely limited agricultural production last 
season.  Both of these factors may have carry on effects for weed management decision making in 
2003. 
This has been my fist year as convenor for the Weeds section of the Agribusiness Crop Updates.  I 
have appreciated the prompt submission of papers by the majority of the authors and the valuable 
feed back provided by paper reviewers.  There are a wide range of topics covered in the papers 
presented here and I anticipate that you will find the information of value. 
A big bouquet must go to Judi Fisher for her assistance in compiling this book. 
Alexandra Douglas 
CONVENOR -  WEEDS 




Six years of IWM investigation  -  What does it tell us? 
Bill Roy, Agricultural Consulting and Research Services Pty Ltd 
KEY MESSAGES 
• The influence of key operations to prevent the return of resistant ryegrass seed to the seed 
bank is reflected in the six-year gross margin returns in the long term IWM investigation being 
conducted at Dowerin and York.  
• Cultivation to stimulate ryegrass germination continues to be a problem and under the dry 
conditions of 2002 resulted in lower yields at the two Dowerin sites compared to results from 
direct drilling. 
• The influence of brown manure operations in 2001 was reflected in enhanced grain yield/gross 
margin in 2002. 
AIMS 
To investigate integrated weed management as a means of preventing herbicide resistant ryegrass 
becoming an impediment to long-term cropping. 
METHOD 
This project, in its sixth year in 2002, has been reported over the years to Crop Updates and continues 
to be conducted on three sites (two at Linden Hill, Dowerin and one at Northbourne, York).  
No blocks at any of the sites received grass selective herbicides in 2002. 
RESULTS 
• Leading options, as measured by gross margin, following six years of integrated 
management 
Table 1. Crop history/Aggregated Ryegrass Count (ARG)/In-crop Ryegrass (ICRG)/Gross margin 
 Site 1a (Dowerin)  -  1996 ryegrass population  -  158 m-2 (wheat harvested) 
Block 1997 1998 1999 2000 2001 2002 6 yr ARG/m2 ICRG 2002 6 yr GM $/ha 
13N Wheat Oats (Hay) Wheat Barley Wheat Wheat 1456 73 1218 
Site 1b (Dowerin)  -  1996 ryegrass population  -  608 m-2 (wheat harvested) 
Block 1997 1998 1999 2000 2001 2002 6 yr ARG/m2 ICRG 2002 6 yr GM $/ha 
1aN BM Wheat Wheat Wheat Wheat Wheat 728 55 1424 
Site 2 (York)  -  1996 ryegrass population  -  866 m-2 (wheat cut for silage) 
Block 1997 1998 1999 2000 2001 2002 6 yr ARG/m2 ICRG 2002 6 yr GM $/ha 
1E Pasture Pasture Pasture Wheat Wheat Wheat 50 0 1282 
Data from the leading blocks at each of the three sites demonstrate the value of using powerful tools, 
which prevent the return of resistant ryegrass seed to the soil seed bank.  The data also illustrates that 
the subsequent ryegrass population level is related to the length of time invested in such techniques.  
The outstanding effect of seed prevention through making silage in 1996 at site 2, followed by three 
years of pasture during which time no ryegrass seed was allowed to set, is reflected in both low total 
ryegrass numbers (ARG) over the six year period and the apparent continuing absence of any plants 
in 2002 (ICRG).   
As with the leading block at site 2 the good returns attained by the leading blocks at sites 1a and 1b 
demonstrate that the key to success is maximising the opportunity to grow wheat, having reduced the 
ryegrass population to a level where that crop sown at high seeding rates is in its self an excellent 
competitor.   
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• Adverse results through use of stimulation cultivation under dry conditions of 2002 
Following mixed results in 2001 blocks at the Dowerin sites were again split in 2002 to further examine 
the use of a single stimulation cultivation.  Under the prevailing dry conditions no advantage in terms 
of ryegrass stimulation was observed and a sizeable negative impact on grain yield was measured 
relative to the unstimulated areas, which were direct drilled.  
Table 2. Ryegrass/wheat yield/gross margin  -  mean data five blocks (range in brackets) 
Site Stimulation PSR* m-2 ICRG m-2 Yield** t ha-1 GM $ ha-1 
1a Yes 6 20 1.10 (0.91-1.33) 281 (232-339) 
 No 10 46 1.45 (1.15-1.68) 372 (294-427) 
** 95 per cent Confidence level LSD = 0.26 t ha-1. 
Table 3. Ryegrass/wheat yield/gross margin  -  mean data nine blocks (range in brackets) 
Site Stimulation PSR* m-2 ICRG m-2 Yield* t ha-1 GM $ ha-1 
1b Yes 5 24 1.06 (0.80-1.48) 268 (28-208) 
 No 5 38 1.20 (0.91-1.67) 304 (73-268) 
** 95 per cent Confidence level  -  LSD = 0.20 t ha-1. 
* PSR = pre seeding ryegrass count. 
• Good wheat yield following the use of a brown manure option (BM) in 2001 
The blocks that had been brown manured at the Dowerin sites in 2001 appeared to handle the dry 
conditions of 2002 better than blocks that had not been treated in this manner.  The influence on crop 
growth carried through to grain yield with positive responses, the effect being better on the good 
fertility site 1b rather than the non-wetting sand of 1a. 
Table 4. Ryegrass/wheat yield/gross margin 
Site BM (2001) Yield t ha-1 GM $ ha-1 
1a Yes 1.36 345 
 No 1.26 322 
1b Yes 1.53 388 
 No 1.02 257 
CONCLUSION 
Preventing the return of seed to the soil bank continues to be the key to successful integrated weed 
management programs directed at herbicide resistant ryegrass (and other annual weeds). 
KEYWORDS 
ryegrass, integrated, management 
ACKNOWLEDGMENTS 
Dale and Glen Metcalf, Linden Hill, Dowerin and Arthur, Paul and David Jenkinson, Northbourne, York 
for their continued support and interest in the project. 
GRDC Project No.: ACR4 (formerly ACR2) 
Paper reviewed by: Alexandra Douglas 
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Long term herbicide resistance site, the final chapter 
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton 
KEY MESSAGE 
• Brown manuring of lupins and Oats for Hay are the best ways of reducing ryegrass seed banks. 
• Sowing wheat early without a knockdown is a good way of increasing the ryegrass seed bank. 
• Applying Trifluralin in wheat has long lasting implications to the ryegrass seed bank. 
• Crop topping lupins can be as effective as brown manuring for ryegrass control where the 
population is small but Brown manuring is more effective for ryegrass blow-outs. 
BACKGROUND AND AIM 
This long term herbicide resistance site was set up in 1998 with the aim of evaluating Integrated Weed 
Management (IWM) techniques for ryegrass control.  In 1998 the paddock was sown to lupins and 
ryegrass control was very poor.  An area of the trial site was brown manured (i.e. A blocks) in Spring 
which achieved approximately 100 per cent ryegrass seed set control.  The remainder of the trial site 
(i.e. B blocks) was harvested and the ryegrass returned to the seed bank.  Four separate 0.5 ha 
blocks were created in which various rotations and IWM techniques have been trialed over 4 growing 
seasons.  These blocks were later divided in two (i.e. North and South) over the years as additional 
treatment comparisons were made.  In 2002 the entire paddock was sown to Cadiz (French 
Serradella) pasture and ryegrass plant counts were taken through the year.  The paddock was then 
brown manured in spring 2002. 
METHOD 
Location Property of Tony and Shirley Blake, Strawberry 
Soil Yellow non-wetting loamy sand 
Rotation 20 years of continuous crop, mainly lupin:wheat 
Resistance status 1999 ryegrass test results; 90% resistant to Glean, 50% resistant to Select®, 80% 
resistant to Hoegrass® 
Ryegrass seed bank Approximately 300 ryegrass heads/m2 in lupin crop in spring 1998 
RESULTS 
Block 1. 1999 and 20000 Cadiz brown manured, 01 dry v wet sown wheat, 02 Cadiz brown manured. 
Brown manuring in ’1998 (A blocks) had a huge effect on the ryegrass seed bank (compare A and B).  
Block 1 (A and B) was brown manured (i.e. Cadiz) in 1999 and 2000, hence the reduction in seed 
bank. 
Dry sowing wheat in 2001 (North blocks) without a knockdown herbicide pre-sowing led to a large 
increase in the ryegrass seed bank compared to wet sowing after a knockdown.  These blocks were 
also sprayed with Trifluralin.  This demonstrates that the seed bank can be maintained at a low level 
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even under a wheat crop by using a knockdown plus trifluralin.  The theory was that if the seed bank 
was very low (e.g. 50/m2), perhaps it is possible to dry sow wheat and have the wheat out-compete 
the weeds.  The dry sown wheat crop was very good but this practice has led to an increase in the 
seed bank and undone the hard work of the previous years. 
Block 2. 99 Cadiz brown manured, 00 Wheat +/- trifluralin, 01 Lupins crop topped, 02 Cadiz. 
Applying Trifluralin to the wheat crop in 2000 (South blocks) controlled approximately 95 per cent of 
the ryegrass in that year which has led to a long lasting reduction of the seed bank.  This may lead to 
the temptation to over-use trifluralin.  Ryegrass can develop resistance to this herbicide if it is abused. 
Block 2 was cropped to Lupins in 2001 and was crop topped.  This has maintained the seed bank at 
low levels.  Crop topping has its limits.  Block 2B North had a high ryegrass population in 2001.  Crop 
topping did not manage to reduce this large population of ryegrass.  Brown manuring (or hay freezing) 
may be a better option for ryegrass blow-outs. 
Block 3. 99 A  -  wheat B  -  Unicorn Barley, 00 Lupins crop top v brown manure, 01 Wheat + Trifluralin, 
02 Cadiz. 
Crop topping lupins in 2000 (3A North) was as effective as brown manuring lupins (3A South) for the 
low population of the A blocks.  However, brown manuring lupins in 2000 (3B South) was more 
effective than crop topping lupins (3B North) for the high ryegrass density of the B Blocks.  Once 
again, Brown manuring may be a better option for ryegrass blow-outs and crop topping may be best 
for moderate ryegrass numbers. 
Sowing wheat without a knockdown is not a good idea.  Sowing wheat early (i.e. North blocks sown 
straight after the season break without a knockdown) in 2000 led to a big increase in the ryegrass 
seed bank the following year compared to sowing after a knockdown.  More ryegrass germinated in  
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the late sown blocks in 2000 but the majority of this was killed with a knockdown pre-sowing.  All of the 
ryegrass that germinated in the early sown blocks were in crop, hence the increased seed production. 
Block 4. 99 Canola, 00 Wheat early v late sowing, 01 Oats for Hay, 02 Cadiz. 
Growing Oats for Hay is an extremely effective method, if not the most effective method, of reducing a 
ryegrass seed bank in one year.  Block 4 was sown to oats and cut for hay in 2001.  The regrowth was 
sprayed out with Spray.Seed® two weeks after hay cutting.  Dual Gold® + Diuron was sprayed 
pre-sowing of the Oats but did little to control the ryegrass in this situation.  Dual Gold + Diuron relies 
on moist soil for good activity.  Soil conditions after sowing in 2001 were dry due to a combination of 
low rainfall and non-wetting sand.  Dual Gold® + Diuron may be a better option for heavier soils in the 
high rainfall region. 
CONCLUSIONS 
I have made many conclusions from this site over the years.  The most significant of these are: 
Ryegrass is a predictable beast, therefore it is relatively easy to control through seed bank 
management compared to other weeds. 
Brown Manuring and Cutting Hay are the most effective methods of reducing the seed bank. 
Trifluralin is extremely effective and is a precious resource, don’t abuse it.  Trifluralin should be applied 
at the most once every two years, but preferably once every three or four years.  To look after 
Trifluralin avoid applying it to a massive seed bank and consider some weed seed 
collection/destruction at harvest. 
Crop topping can be a very effective tool if sprayed at the ideal timing. 
Do not dry sow a crop or wet sow a crop without a knockdown. 
Three years of 100 per cent ryegrass control is necessary to erode a big seed bank on non-wetting 
sands.  Ryegrass appears to have at least 30 per cent dormancy on non-wetting sands compared to 
about 20 per cent for loamy soils. 
The ideal rotation for sandplain soils in the NAR according to Peter Newman is:  Pasture (Full Cut, 
Legume, Grazed, Brown Manured  -  2 sprays):  Wheat (Trifluralin, High seed rate, seed collection at 
harvest):  Lupins (Crop top if necessary, seed collection at harvest):  Wheat (Full Cut, High seed rate, 
seed collection at harvest).  Break the rules and use Trifluralin 2 years in a row if starting with a big 
ryegrass seed bank then use Trifluralin 1 in 4 years after this.  Consider two years of pasture to start 
with for huge seed banks. 
We will not beat herbicide resistance with chemicals alone.  It is important to include a mechanical 
weed control option each year to maximise the life of the herbicides. 
ACKNOWLEDGEMENTS 
Many thanks to Tony Blake for long term use of the site and straight tractor driving, Cameron Weeks 
of the Mingenew/Irwin Group and to Syngenta and Elders for support in the early years. 
GRDC Project No.:   DAW 672 
Paper reviewed by: David Rogers and Cameron Weeks 
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Management of skeleton weed (Chondrilla juncea) in 
a cropping rotation in Western Australia 
J.R. Peirce1 and B.J. Rayner2, Department of Agriculture, Western Australia, 
Bunbury1 and Busselton2 
KEY MESSAGES 
In-crop herbicides gave substantial reductions in skeleton weed density.  
Wheat is the most effective crop to grow to apply treatments to reduce skeleton weed, followed by 
canola, and then lupins.  
Early detection of skeleton weed before flowering in December is essential to prevent seeding.  This 
can be achieved with either Spray.Seed® or glyphosate + 2,4-Dester.  
AIMS 
To evaluate several in-crop herbicides applied in wheat, canola or lupins to determine if skeleton weed 
density could be reduced significantly to levels where it was then possible to eradicate the remaining 
few plants with the residual herbicide treatments of Tordon™. 
METHOD 
An area in a heavy skeleton weed infestation at Westonia was selected in December 2000.  The 
experiment contained 12 plots, three crops x 4 replications, 9 m wide x 50 m long.  In each plot ten 
1 m x 1 m fixed quadrats were set out along the length of the plot at 5 m intervals.  Plant counts taken 
from the ten fixed quadrats in each plot. 
19 December 2000:  The entire area was treated with 2 L/ha Spray.Seed®  repeated on 7 March 2001 
to prevent viable seed forming.  
24 May 2001:  Plant counts taken from ten fixed quadrats in each plot.  Pre-sowing herbicide 
treatments were applied as follows: 
Wheat  -  Trifluralin 1.4 L + Logran® 35 g/ha 
Canola  -  Atrazine + Simazine 2 L/ha of each 
Lupins  -  Trifluralin 1.4 L + Simazine 2 L/ha 
16 August 2001:  Plant counts taken from ten fixed quadrats in each plot.  Post-emergent herbicides 
applied as follows: 
Wheat  -  Lontrel™ 300 mL + MCPA amine 0.5 L/ha 
Canola  -  Lontrel™ 300 mL/ha 
Lupins  -  Brodal® 150 mL/ha 
12 December 2001:  Harvested wheat plots and carried out plant counts from whole of each wheat 
plot.  
14 June 2002:  Whole site treated with Spray.Seed® 2 L/ha. 
19 June 2002 -  Pre-sowing treatments: 
Wheat -  Trifluralin 1.4 L + Logran® 35 g/ha.  Sown into 2001 lupin plots. 
Canola  -  Atrazine + Simazine 2 L/ha of each.  Sown into 2001 wheat plots. 
Lupins  -  Trifluralin 1.4 L + Simazine 2 L/ha.  Sown into 2001 canola plots. 
-7- 
RESULTS 
No yields recorded from canola or lupins due to poor season and constant predation from birds and 
rabbits. 
Plant counts 
At the commencement of the experiment in 2002 the density of skeleton weed was 40 plants per m2 on 
the lupin treatments, 53 plants per m2 on the canola treatments and 47 plants per m2 on the wheat.  
The application of two treatments of Spray.Seed® plus natural deaths reduced the levels of skeleton 
weed in May 2001 by at least 50 per cent of the starting densities recorded in December 2000 
(Table 1).  The pre sowing treatments of simazine or atrazine gave no control of skeleton weed in 
lupins or canola while the treatment using Logran® and trifluralin in wheat reduced the skeleton weed 
numbers down to some 2 plants per square metre.  Following the application of the post emergent 
treatments large reductions in the density of the weed was recorded on the wheat plots.  No counts 
were taken from the lupins or canola plots at harvest. 
Some 18 months later in the second year of the rotation after the application of the pre-sowing 
treatments the densities had been reduced to 2 plants per 100 m2 on the wheat (canola 2002), 
20 plants per 100 m2 on the canola (lupins 2002 and 34 plants per 100 m2 on the lupin)(wheat 2002) 
treatments.    
Table 1. Skeleton weed density changes in a crop rotation 
Treatment 
Skeleton weed plant density/10 m2 before treatments applied 
December 2000 May 2001 August 2001 May 2002 September 2002 
Wheat (2001) Lupins (2002) 473 218 20 4 0.2 
Canola (2001) Wheat (2002) 528 368 687 13 1.9 
Lupins (2001) Canola (2002) 404 266 511 28 3.4 
CONCLUSION 
Skeleton weed can be managed in a cropping rotation and is most effective if the control is started in 
the wheat phase.  The herbicide causing the most reduction of skeleton weed, in the pre-seeding 
treatment of trifluralin and Logran during the wheat phase is likely to be the Logran®.  Trifluralin was 
also applied to the lupins and did not reduce the density of skeleton weed.  Lupins should be the last 
crop in the rotation as the treatment for control/suppression is less effective than those available for 
canola and cereals.  Lupins can also increase the nitrogen levels in the soil, encouraging the growth of 
skeleton weed. 
KEY WORDS 
skeleton weed crop rotations 
ACKNOWLEDGMENTS 
The experiment is funded from the Skeleton Weed Eradication Trust Fund, that is grower funded from 
a levee on grain production 
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Annual ryegrass seedbanks:  The good, the bad, and 
the ugly 
Kathryn J. Steadman1, Amanda J. Ellery2 and Sally C. Peltzer3 
1WA Herbicide Resistance Initiative, UWA 
2CSIRO Plant Industry 
3WA Department of Agriculture, Albany 
KEY MESSAGES 
• Annual ryegrass seedbanks diminish exponentially, but a small amount of seed can emerge at 
even 5 years after seed set. 
• Seed dormancy is the main cause of the spread in emergence of ryegrass over time. 
• Dormancy release can occur in two ways:  1) after-ripening, 2) dark-stratification. 
AIM 
To summarise results from research on annual ryegrass seed biology conducted over the last few 
years.  We now have a new level of understanding that allows us to predict seed behaviour in the 
seedbank, and will enable us to improve the use of existing techniques and develop new ways to 
control ryegrass. 
INTRODUCTION 
At harvest, most seeds in a ryegrass population are dormant.  These seeds lose dormancy during the 
summer.  Dormancy release is a gradual and highly variable process; some populations might need 
only a few weeks, but others need a number of months. 
Ideally, every seed would be non-dormant by the time it begins to rain at the start of the growing 
season.  The non-dormant seeds will then germinate at the break and can be controlled with 
cultivation or knockdown herbicides prior to sowing the crop.  
However, not all seeds will lose dormancy in one season.  A proportion remains dormant and emerges 
after the crop has been sown.  Some seeds will remain in the seedbank and emerge in future years:  
emergence has been observed following 5 years of complete seed set prevention (see Peltzer and 
Matson, 2002). 
Thus the population can be segregated into 3 different proportions, the ‘good, the bad, and the ugly’: 
1. The Good:  Seeds that are non-
dormant and germinate at or before 
the break of season. 
2. The Bad:  Seeds that are dormant at 
the break of season, lose dormancy 
during the season and so emerge in-
crop. 
3. The Ugly:  Seeds that do not lose 
dormancy in the first season, forming 
part of the residual seedbank for 
future years 
Figure 1. Typical graph showing the reduction in dormancy 
(increase in per cent of population that is non-
dormant and able to germinate) during the 
season following seed set and maturation. 
Season following seed set





































Bad: lose dormancy after break
Good: lose dormancy
           before break
dashed line indicates
break of season rains
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CLIMATE AND THE GOOD:  BAD:  UGLY 
• Dormancy release is faster at higher temperatures, so there will be more good seeds and less 
bad seeds after a hot summer than a cool summer (see Steadman et al. 2003).  
• When the break comes later in the year more seeds will be non-dormant (good) because they 
have had more time to lose dormancy than if the break comes early (see Steadman et al. 2003). 
• Dormancy release is faster following a warmer September.  This means that there will be more 
good seeds and less bad seeds if the seeds matured at a warmer temperature (see Ellery et al. 
2003). 
• Higher long term average temperature and rainfall correlate with less seeds retaining dormancy 
past the first season. So there will be less ugly seeds in warmer, wetter areas of the wheatbelt 
(see Ellery et al. 2003)   
CULTIVATION AND THE GOOD:  BAD:  UGLY 
Shallow cultivation at the break of season can stimulate emergence of annual ryegrass in the first year 
after seed set, but it is not effective on seeds that have been in the seedbank for more than one 
season (see Peltzer and Matson, 2002). 
Cultivation changes the position of seeds in the soil, and so their access to light, nutrients, and water:  
• Incorporation of good seeds:  Seeds are non-dormant and will germinate if conditions are 
suitable.  Incorporation enhances germination by improving contact with soil and water, 
i.e. providing better conditions for germination. 
• Incorporation of bad and ugly seeds:  Seeds are dormant and will not germinate even if 
conditions are perfect for germination.  
• Incorporation of bad seeds may also put them in a position to lose dormancy fast, through ‘dark-
stratification’.  Annual ryegrass seeds have a clever mechanism that allows fast removal of 
dormancy if seeds are wet and dark for around 2 weeks.  Seeds become able to germinate 
when they next become exposed to light, which may happen during cultivation for weed control 
or at crop-seeding, resulting in a second flush of weed germination.  Dark-stratification can 
remove dormancy at any time after seed maturation and so there are ways that we can make 
use of this phenomenon (see Steadman and Owen, 2003).  
RELEVANT REFERENCES 
Related papers in Crop Updates (Weeds) 2002 and 2003: 
Peltzer and Matson (2002).  Understanding the weed seedbank life of important agricultural weeds. 
Ellery et al. (2003).  Predicting annual ryegrass dormancy from climatic variables. 
Steadman et al. (2003).  Annual ryegrass seeds after-ripen faster during a hotter summer. 
Steadman and Owen (2003).  Removing dormancy in annual ryegrass seeds for early herbicide 
resistance testing. 
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annual ryegrass, Lolium rigidum, seed dormancy, seedbank dynamics 
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Annual ryegrass seeds after-ripen faster during a 
hot summer 
Kathryn J. Steadman1, Gavin P. Bignell1 and Amanda J. Ellery2 
1WA Herbicide Resistance Initiative, UWA 
2CSIRO Plant Industry 
KEY MESSAGES 
• Annual ryegrass seeds lose dormancy over the summer.  Dormancy loss is highly temperature 
dependent, being faster at higher temperatures 
• Growers should expect to see a greater proportion of their ryegrass emerge following a hot 
summer than a cooler one 
AIMS 
Annual ryegrass (Lolium rigidum Gaud.) loses dormancy by after-ripening over the summer.  After-
ripening refers to the loss of dormancy in mature seeds under warm, dry conditions.  Within a 
population of seeds a proportion will be non-dormant by the start of the growing season and after 
emergence, will be removed using knockdown herbicides prior to sowing the crop.  However, some 
seeds will still be dormant and will not germinate at this time.  These seeds may emerge in-crop or 
may remain in the soil to germinate in future years. 
The aim of this field project was to confirm laboratory-based experiments into the role of temperature 
in dormancy release of annual ryegrass.  This was done by comparing the rate of dormancy release 
during after-ripening in two contrasting natural environments in the northern and southern WA wheat 
belt. 
METHOD 
Annual ryegrass seeds were collected from four sites in WA:  Yuna (15/11/01), Wongan Hills 
(21/11/01), and two sites in Mount Barker (15/1/02 and 20/1/02).  All four populations were then after-
ripened at the Department of Agriculture research stations at Mullewa and Mount Barker from the end 
of January 2002.  Seeds, inside small mesh bags, were placed on the soil surface underneath shelters 
that ensured no direct contact with water through rainfall or runoff.  The temperature at the soil surface 
was logged hourly by a T-tec datalogger located amongst the seeds. 
Four replicates of each population were retrieved monthly at each after-ripening site and dormancy 
measured by germinating the seeds on petri dishes containing solidified 1 per cent agar in an 
incubator set at 12-hourly alternating 25°C (light) and 15°C (dark). 
RESULTS 
Seeds that were after-ripened at Mullewa experienced warmer temperatures through the summer than 
seeds after-ripened at Mt Barker (Figure 1).  All four populations lost dormancy significantly faster in 
the north of the wheatbelt at Mullewa than in the south at Mt Barker (Figure 2). 


























Dormancy at collection was very different between populations.  In particular, the large difference 
between the two populations collected only 30 km from each other around Mount Barker, and the 
similarity between the Yuna and Wongan Hills populations (350 km apart) suggests that initial 
























































































Figure 2. Dormancy loss with after-ripening for four populations placed on the soil surface at Mullewa 
(North) and Mount Barker (South) during summer 2002. 
CONCLUSION 
Annual ryegrass seeds lose dormancy over the summer through a process called after-ripening.  
Because dormancy release is faster at higher temperatures, seeds after-ripening in the north of the 
WA wheatbelt lose dormancy faster than seeds in the south.  Similarly, seeds will lose dormancy 
faster during a warm summer and more slowly during a cooler summer.  When seeds lose dormancy 
quickly, a greater proportion of the seedbank can be expected to be non-dormant at the break of the 
season.  Thus more seeds will germinate and the resulting seedlings can be controlled with pre-crop 
knockdown herbicides or cultivation.  Conversely, when seeds lose dormancy slowly, many seeds may 
germinate with or soon after the crop and these seedlings cannot be controlled easily.  
KEY WORDS 
annual ryegrass, Lolium rigidum, seed dormancy release, after-ripening 
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Predicting annual ryegrass dormancy from climatic 
variables 
Amanda Ellery1, Andrew Moore2, Sandy Nedelkos1, Ross Chapman1, 1CSIRO 
Plant Industry, Floreat Park WA; 2CSIRO Plant Industry, Canberra   ACT 
KEY MESSAGES 
• Dormancy loss in annual ryegrass seeds seems to be determined by a combination of seed 
maturation environment and the long-term average temperature and rainfall in autumn at the 
location where the population originates. 
• Temperature during seed maturation influences the duration of seed dormancy:  The warmer 
the spring temperature, the shorter the dormancy period. 
• Genetic adaptation of dormancy to local temperature and rainfall conditions at germination time 
has probably occurred. 
AIMS 
The aim of this work was to identify environmental factors that explain variation observed in seed 
dormancy characteristics among populations of annual ryegrass seeds.  In the longer term, the goal of 
the work is to provide information that will help growers to manage weeds seed banks by 
understanding the factors that influence seed bank longevity.  
METHOD 
Dormancy loss curves were obtained for 10 annual ryegrass seed populations collected from 
throughout the WA wheat belt.  Seeds were collected from Geraldton, Mullewa, Moora, Merredin, 
Hyden, Ravensthorpe and Esperance at the end of the 2000 growing season, and from Northam in 
1998, 1999, and 2000.  Samples of seeds from each population were incubated at 20, 40 and 60oC.  
Seeds were germinated fortnightly at 25/17oC with a 12 h photoperiod, between December 2000 and 
August 2001.  Germination percentages were used to construct curves describing dormancy loss over 
time. 
Exploratory data analysis 
Logistic curves were fitted to germination data for each seed population 
Germination  = (1  -  Png)/(1 + e
(-r(days of after-ripening  -  T
50
))
)   
r = specific rate of dormancy loss (constant) 
Two key parameters of these curves were defined.  Png:  Proportion of the seed population that did not 
lose dormancy.  T50:  Time to 50 per cent of maximum germination. 
Climatic data were correlated with these two parameter values for each seed population, to find 
variables that explained variation in the shapes of the dormancy loss curves. 
RESULTS 
Seed-filling environment 
September temperature in year of seed production predicted T50 (Figure 1).  T50 describes the duration 
of seed dormancy.  The negative relationship between September temperature and T50 shows that the 
warmer the temperature in spring (seed filling time), the shorter the time to 50 per cent of maximum 
germination.  After a warm spring, dormancy will be lost quickly and a large proportion of annual 
ryegrass seeds can be expected to germinate at the break of season.  After a cooler spring, dormancy 
will be lost more slowly and a proportion of seeds may remain dormant until after the break of season.  
-13- 
These seeds present a problem because they may germinate at the same time as the crop and cannot 
readily be controlled. 
Genetics 
Long-term autumn temperature and rainfall together, gave the best prediction of Png (Figure 2).  This 
parameter was predicted by long-term average climatic data from the collection site, rather than data 
from the year in which seeds were collected.  It is likely that the proportion of seeds remaining dormant 
at the end of the first summer reflects genetic adaptation over a long period to the local environment at 
the break of season.  The combination of temperature and rainfall data that predicted this parameter 
can be interpreted as an indicator of the opportunity for seeds to germinate successfully at the break 
of season.  Lower temperatures and rainfall were associated with a higher level of residual dormancy.  
These conditions may be indicators of a more risky germination environment, so annual ryegrass 

















































































































Figure 1. Relationship between Figure 2. Relationship between observed 
September temperature and  and fitted values for proportion 
duration of dormancy.  of seeds remaining dormant after first  
  summer. 
CONCLUSION 
Dormancy release in the 10 populations of annual ryegrass seeds was described by a logistic curve.  
The duration of dormancy loss was related to temperature during September and it seems that warm 
temperatures during spring hasten dormancy loss.  The proportion of seeds remaining dormant at the 
end of the first summer reflected a genetic adaptation to environmental conditions around the start of 
the growing season at the site from which seeds were collected.  In future it should be possible to 
obtain an indication of the duration of dormancy in a seed cohort, and the proportion of the cohort that 
can be expected to remain in the seed bank for future germination. 
KEY WORDS 
annual ryegrass, seed dormancy, exploratory data analysis, seed maturation environment, genetic 
adaptation 
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Removing dormancy in annual ryegrass seeds for 
early herbicide resistance testing 
Kathryn J. Steadman and Mechelle J. Owen, WA Herbicide Resistance Initiative, 
UWA 
KEY MESSAGES 
• Dormancy in annual ryegrass seeds can be removed quickly and simply. 
• The procedure consists of covering hydrated seeds (i.e. make dark and wet) for around 
2 weeks, and then removing the cover -  more seeds will germinate after the cover is removed 
than if no dark period was given. 
AIMS 
Annual ryegrass seeds are often dormant at maturity, and lose dormancy over the summer through 
after-ripening.  Currently, tests for herbicide resistance can be delayed by the need to wait over the 
summer for enough of the population to lose dormancy and germinate. 
This report describes a way to remove dormancy in annual ryegrass (Lolium rigidum Gaud.) seeds so 
that testing can be performed early in the year, well in advance of the following growing season. 
METHOD 
The method consists of three phases:  
1) Hydration in light to allow germination of non-dormant seeds and therefore check if dormancy 
release is needed. 
2) Dark-stratification for approximately 2 weeks to remove dormancy. 
3) Germination in light. 
Hydration in light 
If the seeds are not dormant there is no point doing dark-stratification, so the first stage is to set up for 
the herbicide resistance test as if you are expecting the seeds to be non-dormant.  This will involve 
putting seeds onto a water source such as wet soil, wet sand, wet filter paper, or agar, and keeping 
wet for 7 days.  If enough seeds for your test germinate at this stage, do not continue on to the next 
stage, and just perform your test as usual.  If too few seeds germinate, remove those and continue on 
to the next stage to remove dormancy in the rest of the population. 
Dark-stratification period 
Cover the seeds to ensure they are in complete darkness.  Pots containing soil or sand, or petri dishes 
containing filter paper or agar may be covered with aluminium foil, or perhaps a bowl or bucket that will 
completely exclude light.  Leave covered for around 2 weeks.  Maintain the water supply so that seeds 
remain fully hydrated -  this may be done by removing the cover briefly to water from above daily, or by 
standing pots in water.  Dark-stratification works best at warmer temperatures between 20 and 30°C, 
and is much less effective below 20°C.  Daily fluctuations in temperature are no better than constant 
temperatures.  Seeds must be hydrated for dark-stratification to work.  
Light period 
After 2 weeks remove the cover, so that seeds are exposed to light, and germination will occur.  A few 
seeds may have germinated during the dark-stratification period -  these should be removed from the 
pot.  Germination is best at daily fluctuating temperatures of approximately 25°C during the day and 
15°C at night. 
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RESULTS 
The results shown illustrate the effectiveness of 
dark-stratification to remove dormancy and 
promote early germination of annual ryegrass 
seeds.  Seeds collected from Department of 
Agriculture Wongan Hills Research Station 
(paddock 2EA) in November 2000 were used.  
Four replicates of 50 seeds were placed onto the 
surface of 18 cm diameter pots.  Pots were 
watered thoroughly and left standing in 3 cm deep 
water in a greenhouse at UWA.  To provide 
darkness during the dark-stratification phase, pots 
were covered with black plastic tubs to exclude 
light. 
After 14 days in the light (14 dL) 13 per cent of 
seeds germinated, and this increased to 18 per 
cent after 28 days (28 dL).  In seeds that were 
covered for 14 days (14 dD + 14 dL), 62 per cent germinated in the 14 days following removal of the 
cover. Therefore a significantly higher proportion of the population would be tested for herbicide 
resistance as a result of removing dormancy using dark-stratification prior to testing.  
Covering the pots with cling wrap improved germination per cent of seeds germinated in the light with 
or without dark-stratification treatment.  The cling wrap maintained a high humidity around the seeds 
and kept the temperature slightly warmer (data not shown). 
CONCLUSION 
A method has been developed to remove dormancy in annual ryegrass (Lolium rigidum L.) seeds so 
that testing can be performed early in the summer, well in advance of the following growing season.  
Dark-stratification is based on a special mechanism that exists in annual ryegrass seeds whereby dark 
wet conditions sensitise seeds to light, circumventing the need for after-ripening.  This method can be 
used soon after seed maturation, and will remove the need to wait over the summer for dormancy loss 
to occur naturally through after-ripening. 
KEY WORDS 
annual ryegrass, Lolium rigidum, seed dormancy release, herbicide resistance testing 
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Annual ryegrass germination responds to nitrogen 
Amanda Ellery1, Simone Dudley1 and Robert Gallagher2, 1CSIRO Plant Industry, 
2Washington State University 
KEY MESSAGES 
• Germination of annual ryegrass seeds increased by about 10 per cent in response to applied 
nitrogen in the laboratory.  Germination was also responsive to ethylene in some cases. 
• Green manuring for paddock renovation may provide opportunities to stimulate germination of 
annual ryegrass seedbanks.  When green manuring pay special attention to ryegrass, as 
germination may be higher than expected.  
AIMS 
The aim of the project was to investigate the responses of annual ryegrass germination to externally 
applied nitrogen and ethylene, since levels of these compounds can be elevated in soil by green 
manuring.  Green manuring presents an opportunity to deplete weed seed banks by preventing seed 
set, but our goal was to determine whether seed bank depletion can be accelerated by enhancing 
germination during a green manure phase. 
METHOD 
First generation seeds 
Freshly matured annual ryegrass seeds were collected from Geraldton, Mullewa, Wongan Hills, 
Northam, Merredin and Mount Barker in 1999.  Seeds were after-ripened on the soil surface in Perth 
and were germinated in either water or a mixture of ethylene (10 ppm) and KNO3 (50 ppm).  
Germination was assessed after 2 weeks and was expressed as a percentage of viable seeds. 
Second generation seeds 
Seeds collected in 1999 were sown at Shenton Park in 2000.  Plastic barriers were erected between 
plant populations prior to anthesis, to minimise cross-pollination.  Seeds were hand-harvested at 
maturity and then after-ripened on the soil surface.  Seeds were germinated in ethylene, KNO3 or both 
together.  In another experiment, germination response to NH4NO3 was tested. 
RESULTS 
Year 1 -  Seeds collected from the field 
Nitrate increased germination in 3 of the 5 seed populations tested, while ethylene stimulated 
germination in only 1 seed population.  The increase in germination due to nitrate ranged from about 
2 per cent in the most dormant seed population to about 9 per cent in the least dormant population 
(Figure 1).  Responsiveness of germination to nitrate seems to be related to the overall level of 
dormancy in the seed population, so the less dormant the seed population, the greater the effect of 
nitrate on germination will be.  In a relatively non-dormant weed population, green manuring may 
result in a significant number of extra weeds. 
Germination of annual ryegrass seeds close to the start of the growing season varied and in this 
experiment between 10 and 60 per cent of seeds germinated.  This variation in residual dormancy 
affects the number of seeds likely to germinate in-crop or remain in the seed bank in the future, as well 
as the extent to which germination may be affected by increases in soil nitrogen associated with green 
manuring.  
Year 2 -  Seeds grown with a common environment 
When annual ryegrass seeds were produced in a single location, germination at the opening of the 
following growing season was more uniform than when seeds were collected directly from the field.  
Germination of the 6 seed populations ranged between about 70 and 95 per cent.  Germination did not 
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respond to the combination of ethylene and nitrate in this experiment, possibly because seed 
populations were already at their maximum levels of germination (data not shown).  
Figure 1. Germination of mature, after-ripened annual ryegrass seeds in water (◼) and in a mixture of 
ethylene and KNO3 ().  Collection sites  -  WH:  Wongan Hills, N:  Northam, MB:  Mount 
Barker, Me:  Merredin, Mu:  Mullewa, G:  Geraldton. 
Germination in KNO3 and NH4NO3 
Ammonium nitrate was more effective than KNO3 in stimulating germination of annual ryegrass seeds 
under laboratory conditions.  Germination in the presence of NH4NO3 increased by between 4 and 
19 per cent compared with germination in water, and by between 1 and 17 per cent compared with 
germination in KNO3 (Figure 2). 
Figure 2. Germination of annual ryegrass seeds water, KNO3 or NH4NO3 (1 mm). 
Germination response to NH4NO3 was highly variable, so we do not suggest using fertiliser N to 
stimulate annual ryegrass germination, but growers should be aware that increased levels of soil 
nitrogen after green manuring may provoke unexpected germination of annual ryegrass.  
































































Nitrate, particularly in the form of ammonium nitrate, can produce an increase in germination of annual 
ryegrass seeds.  When using techniques such as green manuring that can increase soil nitrogen, 
growers should take care to prevent weed seed set in the following growing season, as weed 
germination may be higher than expected.  If seed set control is effective, the additional germination 
will be beneficial, as seeds will be removed from the seed bank but if not, extra germination will result 
in a higher density of weeds and a return of seeds to the seed bank. 
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The agro-ecology of Malva parviflora (small-flowered 
mallow) 
Pippa J. Michael, Kathryn J. Steadman and Julie A. Plummer 
Western Australia Herbicide Resistance Initiative, School of Plant Biology, University 
of Western Australia 
BACKGROUND AND AIMS 
Little is known about small-flowered mallow, Malva parviflora (incorrectly called ‘marshmallow’ in WA).  
Throughout Australia it is a weed of wasteland, crops and pastures.  Small-flowered mallow can be 
difficult to control with herbicides and changing farming practices, such as minimum tillage have 
facilitated its increase as a weed problem.  In Canada, a closely related weed, Malva pusilla, rapidly 
became the number one noxious weed in the country through changes towards minimum tillage and 
herbicide dependence.  Malva pusilla doubled in abundance on cultivated land between 1980 and 
1985 in Alberta, Canada and is capable of reducing the yield of wheat by 30 per cent.  There is a risk 
of M. parviflora following this pattern in WA.  
This PhD aims to answer four main questions: 
1. What species/ecotypes are found in WA? 
In general, Malva (mallow) species have very similar morphological characteristics and are especially 
difficult to distinguish at seedling and vegetative stages.  Consequently, it is important to verify that the 
weedy mallow found in the WA wheatbelt is in fact Malva parviflora and not another similar looking 
Malva species or hybrid.  Understanding the genetic variability and ecotypic differentiation may be 
beneficial for growers/agronomists when developing control programs (i.e. specific locations have 
different populations of Malva that respond differently to various control treatments).  
2. How long can mallow seed last in the soil? 
All Malva species possess coat-imposed dormancy, which allows seeds to remain viable and persist 
for many years in the soil without germination.  Viable seeds of M. parviflora have been discovered in 
200-year-old adobe bricks in New Mexico, USA.  Little research has been conducted on emergence of 
M. parviflora especially in a crop situation.  Essential questions such as when, how and why does the 
weed emerge from the seed bank are yet to be answered.  The period between crop and weed 
emergence is a critical factor that contributes to yield reductions.  Seed maturation occurs shortly after 
flowering and seed may germinate in the same season.  Subsequently the period for control is narrow 
if increases in the seed bank are to be avoided.  
3. How does mallow grow? 
Virtually nothing is known about the germination requirements of M. parviflora, emergence patterns, 
competitive effects, breeding techniques and dormancy conditions in Australia and overseas.  Before 
successful control techniques can be developed and implemented, thorough and detailed knowledge 
of the biology and lifecycle of the weed is essential. 
4. How can mallow be efficiently controlled? 
Malva parviflora is naturally tolerant to glyphosate (Group M), a herbicide commonly used by many 
farmers.  Other species within the Malvaceae family possess salt glands.  The secreted salt combines 
with the glyphosate to inactivate it thus conveying glyphosate tolerance.  It will be investigated whether 
this trait is present in the WA Malva parviflora weed.  
METHOD 
Mallow seed from 11 different Crop Variety Testing zones was obtained early 2002.  These seed were 
used in a common garden-variety experiment at the UWA Shenton Park field station.  At flowering and 
senescence, morphological and physiological measurements were recorded to examine differences 





1. The mallow species found to infest the WA wheat belt is Malva parviflora (small-flowered 
mallow). 
2. Malva parviflora have significant morphological and physiological differences between 
populations in WA. 
• Northern populations flower earlier (49 days after germination) than southern populations 
(92 days after germination).  
• Seed maturation occurs approximately 15 days after flowering. 
• Populations vary in growth habit.  Some are erect (e.g. Mingenew); others are prostrate 
(e.g. Katanning) which can make control more difficult. 
3. Mallow is inbreeding  
• Self-pollination can occur before the flower opens which probably leads to greater genetic 
uniformity within populations. 
CONCLUSION 
Mallow has already increased in spread and density in WA over the past few years and this trend is 
likely to continue unless suitable control measures are identified and implemented.  The inbreeding 
nature of the weed means that only one plant is required to infest a new area.  Consequently, early 
control is essential to contain and manage the weed.  In order to do this we need a better 
understanding of the biology and ecology of the weed.  Effective techniques are required to control 
this potentially devastating weed. 
Results to date indicate that WA M. parviflora populations flower and produce seed very quickly and 
early control is essential due to the inbreeding nature of the weed.  
KEY WORDS 
Malva parviflora, small-flowered mallow, marshmallow, weed control, seed biology 
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The looming threat of wild radish 
Peter Newman, Department of Agriculture, Geraldton 
KEY MESSAGES 
• Wild radish has developed resistance to a wide range of herbicides, including diflufenican and 2,4-
D, the backbone of radish control in lupins and wheat respectively. 
• Wild radish is very difficult to control through seed bank management alone. 
BACKGROUND 
Phenoxy herbicides (e.g. 2,4-D) have been applied to cereal crops in WA since the 1950s and they 
now make up the backbone of wild radish control in cereal crops.  The development of resistance to 
the phenoxy herbicides, as well as several other groups of herbicide, in recent years is cause for 
alarm.  There has been a feeling throughout agribusiness in WA that weeds would not develop 
resistance to phenoxy herbicides.  We now know that this is not true and is time to re-think the control 
of wild radish in crops and pastures in WA. 
RESISTANCE STATUS 
Table 1. Summary of year in which wild radish developed resistance to a range of herbicide groups 







Approx. no. of populations confirmed 
B Chlorsufuron 1997 20% of WA paddocks (40% in NAR) 
C Atrazine 1999 4 (many more suspected) 
F Brodal® 1998 10 (many more suspected) 
I 2,4-D 2001 2 (more suspected) 
Group I (2,4-D) 
Dose responses of two populations from the northern wheatbelt of WA revealed that 10 to 15 per cent 
of these populations were capable of surviving 2 to 4 L/ha 2,4-D Amine 500.  These populations also 
demonstrated resistance to Group B (chlorsulfuron), Group C (Atrazine), and Group F (Brodal®) 
herbicides.  The potential for a single population of wild radish to develop resistance to multiple modes 
of action of herbicides is alarming. 
Group F (Brodal®) 
Diflufenican is the backbone of post emergent wild radish control in Lupins in WA.  A general comment 
from growers is that radish control in Lupins is becoming increasingly difficult.  The lack of effective 
radish control in lupins further limits the value of this crop for use in NAR cropping systems. 
COMPETITIVE WEED 
Wild radish is an extremely competitive weed of crops.  A long-term trial in Merredin (1997 to 2001) 
conducted by Dr Abul Hashem documented this competitive nature.  This trial revealed that wild radish 
is a greater competitor with lupin crops than wheat crops.  When 25 wild radish plants per m2 were 
present in a wheat crop (at anthesis) the yield was reduced by 20 per cent.  Lupin yield was reduced 
by 56 per cent when 25 wild radish per m2 were present at the flowering stage of a lupin crop. 
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DIFFICULT SEED BANK MANAGEMENT 
Compared to other weeds, such as annual ryegrass, wild radish is very difficult to control through seed 
bank management.  Wild radish can produce up to 40 000 seeds per square metre.  This level of seed 
production has been shown to be more prolific than wild turnip, doublegee, ryegrass or brome grass in 
WA.  Wild radish has a high level of seed dormancy.  As many as 70 per cent of wild radish seed is 
dormant at the start of the cropping season.  The seed longevity of wild radish is also greater than 
many other weeds.  Wild radish can survive in the soil for six years or longer.  Wild radish seed that is 
buried deep in the soil (i.e. greater than 10 cm) will survive for 6 years or longer.  Radish seed buried 
in the top 5 cm of soil will not survive as long.  
WHAT CAN BE DONE? 
Continued control of wild radish is clearly an enormous challenge as this weed develops resistance to 
more herbicides.  New technology such as new herbicides or Genetically Modified crops may offer 
some alternatives in time, but they are not the complete answer as we know that wild radish will 
develop resistance to this technology as well.  The following is a priority order list that I feel is 
necessary to manage wild radish in the near future: 
1. A non-crop phase, such as winter grazed pasture with slashing, cell grazing and spray-topping to 
achieve 100 per cent wild radish seed set control.  2 in 5 years or 1 in 4 years as a minimum. 
2. Seed catching/destruction at harvest time of crops, possibly in conjunction with crop swathing to 
maximise capture/destruction of seed.  As much as 95 per cent of wild radish seed can be 
removed at harvest. 
3. Achieve a good knockdown (herbicide or by full cut cultivation) prior to sowing of every crop.  This 
may be enhanced with an autumn tickle. 
4. Use crop competition to its fullest potential.  Seeding rate, row spacing, and fertiliser placement 
are all factors that can be manipulated to give your crop heaven and your weeds hell. 
In general, diversity is the key.  A diverse farming system with a range of crop and pasture options, 
and a range of herbicide and non-herbicide weed control, is an old message but still the most 
comprehensive message of all.  Other factors such as rotation of herbicide groups, will also be 
important, but have not been mentioned as I feel that the above mentioned points take priority. 
As an industry we need to develop a farming system that incorporates herbicide and non-herbicide 
weed control, incorporates a non-crop phase in the rotation, is environmentally sustainable, and 
makes money.  It is an enormous challenge but it is a challenge that the growers and agribusiness of 
WA are capable of meeting.   
KEY WORDS 
wild radish, resistance, herbicide, phenoxy 
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The double knock, how close can we go? 
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton 
KEY MESSAGES 
• A full rate of glyphosate followed by a full rate of Spray.Seed® 5 days later is still the best 
practice.   
• Glasshouse research at Merredin demonstrated that 48 hours between knocks (i.e. glyphosate 
followed by Spray.Seed®) was as good as 5 days between knocks. 
BACKGROUND AND AIM 
Glyphosate resistant ryegrass may soon be a problem throughout the Northern Agric. Region of WA 
(NAR).  One population of ryegrass has already been confirmed to be resistant in WA and several 
more are suspected.  The majority of growers in the NAR (90% +) seed with no-till seeding equipment 
and rely on glyphosate (90% +) for knockdown weed control.  This is a recipe for glyphosate resistant 
ryegrass. 
The double knock technique is one possible answer to the problem.  It commonly involves spraying 
with glyphosate followed by Spray.Seed® 4 to 7 days later.  The double knock technique has several 
problems associated with it; costly, time consuming, cost of delaying seeding, etc..  For the technique 
to be effective in the NAR the gap between the knocks must be as short as possible to minimise the 
delay in seeding.  It may also be possible to reverse the order of chemical application and apply 
Spray.Seed® first followed by glyphosate. 
The aims of this trial were to answer the following questions that were posed by the Mingenew 
growers: 
1. How close can we go with the double knock.  
2. What happens if Spray.Seed® and glyphosate are tank mixed together. 
3. What happens if Spray.Seed® is applied first in the double knock. 
METHOD 
Location Property of Piers Blake, Mingenew 
Soil type Yellow loamy sand 
Weed stage Ryegrass 3 to 4 leaf at first knock, excellent growing conditions. 
Plots Cross plot design trial with First Knock base sprays applied at time 1 on plots 3 m x 24 m 
and Second Knock sprays applied at subsequent intervals across the initial time 1 spray 
plots.  48 plots in total each 3 m x 3 m, 2 reps. 




















1.  Nil 
2.  gly 
800 mL 
3.  SS  
1 L 
4.  SS 1 L + 
gly 800 mL 
5.  gly 400 
mL 
6.  SS  
500 mL 
1. Nil** 0 70 80 70 70 60 
2. + 4 hr SS 1 L 55 60 82 80 75 91 
3. + 24 hr SS 1 L** 60 90 90 95 70 90 
4. + 5 Day SS 1 L 60 100 100 100 98 100 
5. + 5 Day gly 800 mL 94 99 99 100 100 94 
6. + 5 Day SS 500 mL 35 92 97 97 87 91 
7. + 5 Day SS 1 L + gly 800 mL 60 99 98 99 96 95 
8. + 5 Day SS + Trifluralin 70 100 100 100 97 97 
 SS = Spray.Seed®, gly = glyphosate 490, all rates are mL or L/ha, + 4 hr = second knock applied 4 hours 
after first knock, etc. 
** Due to an error at spraying only one rep of this treatment was applied. 
CONCLUSION 
The ‘text book’ double knock of a full rate of glyphosate followed by a full rate of Spray.Seed® 5 days 
later still appears to be the best practice.  24 hours between knocks appeared to be too close.  Some 
glasshouse research conducted by Catherine Borger and Abul Hashem (Department of Agriculture) in 
Merredin has demonstrated that ‘glyphosate followed by Spray.Seed® was most effective when a 
2-day interval was allowed between the two applications’.  This trial work was conducted on ryegrass 
in pots.  A two day (48 hour) interval between knocks was more effective than a 5 day interval.  More 
field research with a range of weeds is needed to confirm this.  However, it appears that we may be 
able to reduce the interval between knocks.  
Mixing Spray.Seed® and glyphosate together in the same tank appeared to give very similar results to 
Spray.Seed® alone.  It is generally accepted that these two herbicides do not mix well as 
Spray.Seed® shuts the plant down before the glyphosate can be taken up.  This appears to be the 
case in this trial. 
Applying Spray.Seed® first followed by glyphosate 5 days later appeared to work well, but glyphosate 
first is still considered to be the best practice.  It is very important to have at least 5 days between 
knocks and good growing conditions if applying Spray.Seed® first, to allow for new growth on the 
surviving weeds before spraying with glyphosate.   
Cut rates of glyphosate or Spray.Seed® did not work as well as full rates.  Many farmers apply 
approximately 500 mL/ha Spray.Seed® as a second knock.  This is not recommended, as glyphosate 
resistant ryegrass plants that have survived the first knock will not be killed by a low rate of 
Spray.Seed® as a second knock.  This trial demonstrated that ryegrass control was generally poor 
when a low rate of Spray.Seed® was applied as a second knock. 
Spray.Seed® + Trifluralin as a second knock appears to be an excellent treatment.  This is fairly 
common practice for problem ryegrass paddocks but should not be overused, as Trifluralin resistance 
is possible. 
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Double knockdown herbicide effect on annual 
ryegrass 
Catherine Borger1, Abul Hashem2 and Nerys Wilkins1, Department of Agriculture, 
1Dryland Research Institute, Merredin and 2Centre for Cropping Systems, Northam  
KEY MESSAGES 
• The use of double knockdown herbicides is important to delay and manage ryegrass resistance 
to glyphosate and Spray.Seed®.   
• When using glyphosate and Spray.Seed® as double knockdown herbicides to control ryegrass, 
glyphosate should be applied first.   
• The herbicides should be applied at the 3 to 6-leaf stage of ryegrass and are most effective if a 
2-day interval is allowed between applying the first and second herbicide.   
• When applying double knockdown herbicides, the time of day at which the herbicides are 
sprayed does not affect their ability to control ryegrass. 
AIMS 
Annual ryegrass has already evolved resistance to glyphosate in the WA Wheatbelt.  The double 
knockdown strategy is recommended to minimise the risk of developing glyphosate resistant ryegrass 
or to delay its development.  Although glyphosate followed by Spray.Seed® is considered to be an 
effective sequence, the effect of the reverse sequence (Spray.Seed® followed by glyphosate) is not 
well known.  Varying the growth stage ryegrass is sprayed at or the time interval allowed between 
sprays may also affect the efficacy of the herbicides and reduce the delay to seeding.  As herbicide 
uptake and translocation within plants may be affected by the diurnal (daily) application time, the 
efficacy of knockdown herbicides may be improved if they are sprayed at certain times during the day.  
The aims of this study were to determine the optimal sequence of double knockdown herbicide 




Trials were conducted at the Merredin and Avondale Research stations during the 2002 season.  
Ryegrass plants were sprayed with glyphosate or Spray.Seed alone or in sequence, at the 1, 3 and 
6-leaf stages.  There was a 5-day interval between herbicides when applied in sequence. 
Glasshouse trial 
A glasshouse trial was conducted in Merredin during October to December 2002.  Ryegrass seed was 
sown in pots and the plants were sprayed with glyphosate or Spray.Seed alone or in sequence, at 
the 1, 3 and 6-leaf stages.  The herbicides were applied at three diurnal times (10 a.m., 1 p.m. and 
4 p.m.) and with varying time intervals between the application of both herbicides when in sequence 
(tank mix, 6 hours, 1 day, 2 days, 5 days or 10 days). 
RESULTS 
Field trials 
In Merredin, 6-24 per cent of ryegrass plants sprayed at the 1-leaf growth stage survived all herbicide 
applications (Table 1).  Glyphosate or glyphosate followed by Spray.Seed® controlled 100 per cent of 
ryegrass plants at the 3 or 6-leaf stage.  Spray.Seed® or Spray.Seed® followed by glyphosate were 




In Avondale the per cent of ryegrass plants surviving herbicide applications at the 1-leaf stage was 
greater than in Merredin (24-63%).  At the 3 or 6 leaf stage all herbicide treatments were effective and 
were not significantly different from each other. 
Table 1. The average percentage of surviving ryegrass plants per m2 three weeks after each herbicide 
application, with a 5-day interval between double knockdown herbicides 
Herbicide 
Merredin  Avondale 
1 leaf 3 leaf 6 leaf  1 leaf 3 leaf 6 leaf 
Glyphosate (1 L) 9.2 0 0  49.6 9.4 0.2 
Glyphosate (1 L) + Spray.Seed (1 L) 17.6 O 0  23.9 1.7 0.8 
Spray.Seed (1 L)  23.5 8.4 15.3  63.4 4.9 7.6 
Spray.Seed (1 L) Glyphosate (1 L) 6.1 2.3 7.2  36.4 1.5 6.2 
Glasshouse trial 
In the glasshouse trial, the herbicides were progressively more effective from the 1 to the 6-leaf growth 
stage (Figure 1).  Glyphosate followed by Spray.Seed® was more effective than Spray.Seed® 
followed by glyphosate at the 1-leaf stage but they were equally effective at the 3- and 6-leaf stage.  
Both were more effective than a single herbicide application. 
Figure 1. Effect of single and double knockdown herbicides sprayed at three stages on ryegrass plant 
survival under glasshouse conditions (LSD.05 = 4.8). 
Glyphosate followed by Spray.Seed® was most effective when a 2-day interval was allowed between 
the two applications and Spray.Seed® followed by glyphosate was most effective with a 2 to 5-day 
interval between applications (Figure 2).  When the herbicides were applied as a tank mix or within a 
day of each other, they were less effective. 
Figure 2. Effect of time intervals between double knockdown herbicides on the survival of ryegrass 
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Varying the diurnal application time increased the efficacy of glyphosate and Spray.Seed® when they 
were applied alone.  They were both more effective when applied in the morning (10 a.m.) and 
evening (4 p.m.) than at 1 p.m.  When glyphosate was followed by Spray.Seed®, spraying the 
herbicides at different times of day did not affect ryegrass survival.  When Spray.Seed® was followed 
by glyphosate the herbicides were slightly more effective when sprayed at 4 p.m. but the effect was 
much smaller than when a single herbicide was applied. 
DISCUSSION 
Double knockdown herbicides did not always greatly improve the efficacy of ryegrass control 
compared with glyphosate alone.  However, this option has a long-term value in knockdown resistance 
management.  The ryegrass population that survives a glyphosate application may contain individuals 
that are resistant to glyphosate.  A follow-up application of Spray.Seed not only kills the newly 
emerged ryegrass plants but also kills the surviving plants.  So it is important to incorporate this option 
into the Integrated Weed Management package as a strategy for resistance management.  A longer 
interval between double knockdown herbicides (i.e. 10 days) may be more effective in killing the new 
cohort, but seasonal conditions may dictate farmers to go for a shorter interval such as 2-5 days 
between double knockdown herbicides.  Glasshouse trial results indicate that the application time 
during the day may slightly influence the efficacy of the knockdown herbicides when sprayed alone.  
However, it is necessary to verify this finding in the coming season to determine whether it is an issue 
in late autumn or early winter under field conditions. 
CONCLUSION 
Applying double knockdown herbicides did not always dramatically improve ryegrass control in one 
season, but it is an important strategy in the management of ryegrass resistance to knockdown 
herbicides.  Glyphosate followed by Spray.Seed® was generally more effective than the reverse 
sequence or a single herbicide application.  The herbicides should be applied at the 3 to 6 leaf stage 
of ryegrass and there should be a 2-day interval between the first and second herbicide application.  
The diurnal application time is not significant when using double knockdown herbicides. 
KEY WORDS 
double knockdown herbicides, diurnal spraying time, spraying interval 
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Tactical techniques for managing Annual Ryegrass 
Sally Peltzer1, Alex Douglas1, Fran Hoyle1, Paul Matson1 and Michael Walsh2 
Department of Agriculture and Western Australian Herbicide Resistance Initiative. 
KEY MESSAGES 
There are several techniques available to reduce the amount of Annual Ryegrass seed before it 
becomes part of the seedbank.  These include Green/Brown manuring, Mouldboard Ploughing, 
Hay-making, Seed-catching and Burning.  These all need to be integrated with other weed control 
techniques.  The decision on which to use is dependent on the circumstances. 
BACKGROUND 
Annual Ryegrass is a major weed of cropping because it has wide-spread herbicide resistance, can 
produce large numbers of seeds and some of these seeds will remain dormant and germinate several 
years later.  In 1997, a seedbank decline study was established in a Group A resistant population of 
approximately 500 Annual Ryegrass plants/m2.  Over the next five years, over 10,000 seedlings/m2 
emerged with the number declining at a rate of approximately 80 per cent per annum.  No seed set 
was allowed from year to year. 
METHOD 
If confronted with herbicide failure and 500 Annual Ryegrass Plants/m2 in your cereal crop with a 
potential of 10,000 seeds and subsequent seedlings, what techniques do you have at your disposal to 
reduce these numbers of seeds from entering the seedbank?  Some of the alternative or newer 
strategies that could be employed will be discussed from the seedbank point of view and the possible 
Annual Ryegrass numbers that will be present in next years’ crop.  These include:  
Pre-harvest techniques -  Green/Brown Manuring, Hay-making 
Post harvest techniques -  Seed-catching 
Pre-seeding techniques -  Burning, Mouldboard Ploughing 
The reduction in seed numbers entering the seedbank for each technique is based on research by the 
authors and further information can be found in the following Update papers:  Weed control through 
soil inversion (Peltzer, Douglas and Matson, 2003), Integrated Weed Management, Katanning 
(Douglas, 2002), Integrated Weed Management, Merredin (Stewart, 2002), Wild radish and ryegrass 
seed collection at harvest:  Chaff carts and other devices (Walsh and Parker, 2002), The role of cover 
cropping in renovating poor performing paddocks:  A case study (Hoyle, 2001). 
RESULTS 
The five techniques are all capable of reducing the number of Annual Ryegrass seeds from entering 
the seedbank (Table 1).  Only those techniques that have seed reduction percentages of greater than 
95 per cent (Green/Brown manuring and Mouldboard ploughing) have the ability to maintain or 
continue to reduce the seedbank over successive years.  Neither of these, however, can usually be 
repeated in successive years.  Green/Brown manuring is implemented in spring, destroying the crop 
while some viable seeds that were buried after Mouldboard ploughing would be brought back to the 
soil surface ready for germination.  The other three techniques, if used alone over successive years, 
would fail to keep the seedbank and the subsequent emergent seedlings to reasonable and cropable 
levels.  All methods need to be utilised with other weed control, in an integrated manner.  
The decision of which technique to use is dependent on soil type, season, crop species and rotation.  
A further decision making tool is Ryegrass Integrated Management (RIM), a computer model that 
includes the economics as well as the seedbank dynamics. 
KEYWORDS 
annual ryegrass, hay-making, seed-catching, green/brown manuring, mouldboard ploughing, burning, 
seedbanks 
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Table 1. The number of seeds reduced by the implementation of five techniques and the dynamics of these seeds over successive years.  The advantages and 









No. seedlings (80% of 
remaining seeds emerge as 
seedlings each year) + no. 
seedlings emerging from 
Seedbank Carry-Over (SCO) 
Year 3 
No. seedlings from seeds 
produced in Y2 + no. seedlings 
emerging from Seedbank Carry-
Over (SCO). 
(Assuming no other weed control 
method employed) 
Disadvantages Advantages 
10,000 Do Nothing in Yr 1 0 8,000 + 100 SC0 > 20,000 + 1600 SCO (80% of 
2,000) + 20 SCO Y1 (20% of 100) 
Unprofitable to crop due to the 
size of the seedbank 
 
10,000 Green and Brown  - 
manuring 
95-100 (95) 400 + 100 SCO 400 + 80 SCO + 20 SCO Yr1 Timing critical.  Not viable to 
do every year (1 in 5-6 yr 
rotation).  Lose crop. 
Can renovate poor land.  
Benefits for soil health, 
organic matter and increased 
nitrogen.  
10,000 Hay-making 85-90 (85) 1200 + 100 SCO > 1500 + 240 SCO + 20 SCO Yr1 Not usually viable to do every 
year.  
Get hay- Can be profitable. 




1600 + 100 SC0 
> 4800 + 100 SCO 
> 2000 + 320 SCO + 20 SCO Yr1 
> 10,000 + > 960 SCO + 20 SCO 
Yr1 
Slows harvesting.  Late 
harvest means loss of rye 
seed to the ground 
Can do every year.  Control 
many other weeds. 
10,000 Burning 80-100 (90) 800 + 100 SCO > 1000 + 160 SCO + 20 SCO Yr1 Need sufficient stubble to 
burn.  Lose stubble altogether.  
Erosion risk.  Can increase 
disease risk, e.g. brown spot 
in lupins 
Can do every year.  Can do 
when seed-catching fails due 
to late harvest.  Viable method 
when without sheep.  Can 
reduce some diseases and 
insects. 
10,000 Mouldboard with 
skimmers 
> 95  < 400 + zero SCO < 400 + 20 SCO Yr1 Expensive and disruptive.  
Only do every 8-10 yrs.  If you 
do every year, the buried 
seeds will be returned to the 
surface. 
Do pre-seeding thus do not 
lose crop.  Can get other 
benefits such as increased 
nitrogen mineralisation, 





Weed control through soil inversion  
Sally Peltzer, Alex Douglas and Paul Matson, Department of Agriculture 
KEY MESSAGES 
Mouldboard ploughing reduces the number of Annual Ryegrass plants in-crop by burying the seed too 
deep for establishment and emergence.  This results in increased yields and higher grain protein 
percentages.  Mouldboard ploughing may also have other beneficial effects such as soil nitrogen 
mineralisation and reduced disease, etc. 
AIMS 
Many of our annual cropping weeds can produce large numbers of seed after one herbicide failure, 
limiting the likelihood of a successful cropping program the following season.  Nearly all these weeds 
emerge from the top 0-10 cm of soil. Inverting the soil, however, by use of a specialist Mouldboard 
plough, can place the weed seeds at a depth of greater than 10 cm, preventing them from emerging 
as seedlings and competing with the crop.  The control of Annual Ryegrass in cereals was compared 
after four tillage treatments including a Mouldboard plough.  The numbers of Annual Ryegrass in the 
Mouldboard plough treatment were expected to be minimal compared to the other treatments resulting 
in higher yields. 
METHOD 
Two sites with different soil types but with background populations of annual ryegrass were selected at 
Great Southern Agricultural Research Institute, Katanning (duplex soil, medium rainfall) and Avondale 
Research Station (red loam, medium rainfall).  There were four tillage treatments, Mouldboard plough 
with skimmers, Disk plough, Full-cut and No-till with four replicates in a randomised block design.  The 
Katanning site was pre-treated with a single knockdown (Sprayseed @ 2 L/ha) then sown to Barley 
(cv. Gairdner at 125 kg/ha) with 100 kg/ha Agras.  At Beverley, the site was sown to Brookton wheat 
(@ 120 kg/ha) with 100 kg/ha DAPSCZ.  The site was pre-treated with 2 L/ha Sprayseed while post 
emergence control for Wild Radish was with 1 L/ha Broadside.  The site was top-dressed with 
75 kg/ha urea a month after sowing.  At both sites, the tillage treatments (Mouldboard plough, Disk 
plough to 10 cm and Full-cut with scarification) were implemented prior to seeding, and all plots were 
sown with knife points.  Measurements taken throughout the season included crop and Annual 
Ryegrass density, dry weights at anthesis and yield and grain protein. 
RESULTS AND DISCUSSION 
Inverting the soil by use of a Mouldboard plough reduced the number of Annual Ryegrass seedlings 
by over 95 per cent at Katanning (Figure 1, p < 0.05) and Beverley (p < 0.05) compared to deep 
ploughing with a Disk plough, complete soil disturbance with scarification and minimal tillage or No-till.  
The Mouldboard plough was successful in burying the majority of the weed seed thereby preventing 
























Figure 1. The effect of four tillage treatments on the seedling emergence of Annual Ryegrass at 
Katanning (mean of 4 replicates, LSD = 228 seedlings/m2, (P = 0.05)). 
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The reduction in Annual Ryegrass numbers resulted in increased yields with increased grain protein of 
































Figure 2. The effect of four tillage treatments on the yield and grain protein of Gairdner Barley at 
Katanning (mean of 4 replicates, LSD:  yield = 0.51 t/ha, protein = 0.66 (P = 0.05)). 
As the amount of Annual Ryegrass differed between the treatments, it is difficult to assess whether the 
increase yields associated with mouldboard ploughing were entirely due to reduced weed competition.  
This effect of weed competition was statistically removed from all treatments (by using Annual 
Ryegrass seedling numbers as a covariate in the analysis) and the yields adjusted accordingly.  At 
Katanning (Figure 3), it seems the increased yields in the Mouldboard plough treatment was partially 
due to the reduced numbers of weeds and partially due to other factors.  Some of the increase could 
be associated with increased soil nitrogen mineralisation due to soil disturbance.  The site was not top-
dressed with nitrogen and the other treatments, especially the No-Till treatment, appeared nitrogen 
deficient at anthesis.  The extra yield could also be associated with reduced disease or nutrient 
redistribution, etc. (the Disk plough also had major soil disturbance).  Using the same analysis at 
Beverley, revealed that the increased yields due to Mouldboard ploughing were almost entirely due to 
the reduced presence of Annual Ryegrass rather than other factors. 


















Figure 3. The effect of four tillage treatments on the recalculated yield of Gairdner Barley at Katanning 
after the effect of Annual Ryegrass was removed (mean of 4 replicates, LSD:  yield = 0.71 t/ha 
(P = 0.05)). 
KEY WORDS 
mouldboard plough, annual ryegrass, weed control 
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The burning issues of annual ryegrass seed control 
Darren Chitty and Michael Walsh, Western Australian Herbicide Resistance 
Initiative, UWA 
KEY MESSAGES 
Windrow burning can destroy 99 per cent of annual ryegrass seeds, whereas stubble burning 
destroyed 82 per cent of seeds.  The Chaff Top created windrow gave no more annual ryegrass 
control than a conventional windrow. 
BACKGROUND AND AIMS 
The Chaff Top is a relatively new header attachment that places the chaff fraction of crop residue 
above the straw component, potentially facilitating a more successful burning operation.  The chaff 
fraction contains up to 95 per cent of annual ryegrass seeds that enter the harvester.  
This study aimed to assess the influence of autumn burning for annual ryegrass seed destruction in 
both windrows and stubble.  A further aim was to establish the temperature and duration required for 
ryegrass seed destruction, and to compare this to the temperatures experienced during stubble 
burning. 
METHODS 
A field trial was established during the 2001/2002 harvest period in a 3 t/ha wheat crop, free of 
ryegrass.  The trial consisted of three burning treatments that were replicated nine times.  
The burning treatments were: 
1. Chaff Top windrow 
2. Conventional windrow 
3. Standing stubble (Straw spreader) 
For each treatment non-dormant ryegrass seeds were fed into the header comb at a constant rate as 
the header moved through the crop.  Approximately 1600 ryegrass seeds exited the harvester in the 
chaff fraction, per metre length of windrow.  Burning occurred on the 15 April 2002, following a dry, hot 
summer period with minimal rainfall.  Temperatures within the burning treatments were recorded at 
one second intervals using thermocouple probes.  Season commencing rains occurred over the 
16-18 April with 17 mm being recorded at the site.  Counts of annual ryegrass emergence were 
recorded two weeks later.  To determine the temperatures and durations required to kill annual 
ryegrass seed, 100 seed lots were placed in a kiln at predetermined temperatures and durations.  
Seed mortality was recorded following germination tests.  
RESULTS 
Windrow burning was more effective than stubble burning at destroying annual ryegrass seeds and 
reducing the subsequent emergence of annual ryegrass seedlings at the start of the growing season.  
The Chaff Top and conventional windrow treatments allowed for the destruction of approximately 
99 per cent of ryegrass seeds.  The stubble burning treatment provided 82 per cent control of annual 
ryegrass seed.  The kiln experiment demonstrated that a temperature of 400oC for 20 seconds will 
destroy all ryegrass seeds, whereas at 250oC, it will require 60 seconds.  
Table 1. Effect of temperature and exposure time on the percentage germination of annual ryegrass 
Duration (secs) 
Temperature 
200 225 250 275 300 400 
------------------- % Survival ------------------ 
20 92 70 55 57 5 0 
40 90 26 15 6 0 0 
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Figure 1. Air temperatures at four heights within the three burning treatments.  
The two windrow treatments had a dry matter yield of 15 t/ha, whereas the stubble treatment had a 
yield of 2.3 t/ha.  This resulted in the windrows treatments burning for considerably longer and 
experiencing higher temperatures. 
CONCLUSION 
Windrow burning was identified as a very effective method of destroying annual ryegrass seed, 
thereby reducing the subsequent emergence of annual ryegrass.  The concentration of stubble 
material provided a hotter and longer burn. 
KEY WORDS 
autumn burning, Chaff Top, annual ryegrass 
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No sign of chaff-cart resistant ryegrass! 
David Ferris, WA Herbicide Resistance Initiative, UWA 
KEY MESSAGES 
• Chaff-cart resistant ryegrass might occur but has not occurred at Wongan Hills.  
• Farmers are encouraged to adopt chaff carts while always remembering diversity.  
• Always use a diverse range of weed control options to minimise the development of resistance 
to any weed control option.  
BACKGROUND 
The development of herbicide resistant ryegrass is reshaping weed management systems.  And 
Australian grain growers through necessity are exploring new options for managing ryegrass, including 
chaff-carts (seed catching).  That strategy works by catching weed seeds at harvest (especially 
ryegrass seeds) and then destroying or disposing of them.  This reduces the density of ryegrass in 
subsequent crops.  
AIM 
Ryegrass proved itself a champion weed by changing quickly (adapting) to resist selective herbicides; 
in some paddocks in as few as 4 years.  Our objective was to determine if 8 years of chaff carts had 
also led to changes in ryegrass to enable its seed to escape the chaff cart.  
METHODS AND RESULTS 
In 2000 ryegrass seed was collected from 5 paddocks near Wongan Hills which had experienced 
seedcatching each year for the past 8 years, and from 5 adjacent paddocks on neighbouring 
properties where seed catching had never been used.  Seed was grown out as spaced plants at the 
UWA Shenton Park field station (Perth).  We measured plant traits that were likely to enable ryegrass 
to circumvent seed catching:  Reduced height, prostrate growth form, shattering of seed from spikes 
and earlier flowering.  We did not find any changes (adaptations) that would enable ryegrass to 
escape chaff carts (Table 1).  
Table 1. Differences in plant traits between 5 paddocks with and 5 paddocks without seed catching for 
the past 8 years 
 
Habit score: 
1 = prostrate 





Days to flowering Seed shattering 
Catching 3.4 49.4 82.7 98.5 Low 
Control 3.2 45.4 85.4 100.3 Low 
In an earlier study (1999) ryegrass seed had been collected from 80 paddocks across eight cropping 
zones within Western Australia and also planted out in Perth.  In that study an enormous amount of 
genetic variability was evident, including variability in vegetative, floral and seed attributes, and growth 
form.  Although the heritability of specific traits was not measured, ryegrass does appear to have at its 
disposal many adaptive traits, and some suitable for circumventing seed catching (Table 2).   
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1 = prostrate 







 Min. Max. Min. Max. Min. Max. Min. Max. 
Range  -  all plants 1.0 5.0 7 79 16   143 71   150 
Range  -  population means 3.2 4.3 27  49 61  93 81  141 
Statistical significance between 
populations 
Yes Yes Yes Yes 
CONCLUSION 
Clearly competition between ryegrass plants and natural selection is a complex phenomenon.  Natural 
selection is the net influence of selective forces; and those forces may act in concert or 
counterbalance each other.  The apparent lack of change in the 5 Wongan Hills populations where 
seed catching had been used for the past 8 years, could well be a reflection of this.  For at those sites 
ryegrass control was not just dependent on seed catching, this only formed one part of a suite of tools 
used periodically for ryegrass control:  Delayed seeding, higher seeding rates, crop-topping, swathing, 
crop diversification, and alternative herbicides.  
Such diversity may have prevented significant change in those ryegrass populations.  For instance, 
competition for light may well mean that taller, more erect ryegrass plants have a competitive 
advantage over shorter, more prostrate plants during the growing season; but when seed catching is 
imposed the competitive advantage is reversed with more prostrate forms favoured as their seed 
escapes capture at harvest.   
Paper reviewed by: Alex Douglas 
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Conserving glyphosate susceptibility -  modelling 
past, present and future use. 
Paul Neve1, Art Diggle2, Patrick Smith3 and Stephen Powles1  
1Western Australian Herbicide Resistance Initiative, School of Plant Biology, 
University of Western Australia, Crawley   WA   600. 
2Department of Agriculture, Western Australia, 3 Baron-Hay Court, South Perth   WA   
6151 
3CSIRO Sustainable Ecosystems, Private Bag 5, Wembley   WA   6014 
KEY MESSAGES 
Future increases in glyphosate use will accelerate selection for glyphosate resistance in ryegrass.  
Risks can be minimised with judicious use and rotation of knockdown herbicide and/or tillage options. 
AIMS 
In the past 5 years, evolved resistance to glyphosate in populations of Lolium rigidum (annual 
ryegrass) has emerged as a potentially serious threat to the sustainability of current weed control 
strategies.  The continued adoption of zero-tillage crop establishment systems and the introduction of 
glyphosate-resistant crops has the potential to accelerate selection for glyphosate resistance.  We 
present results from a herbicide resistance model which predicts rates and probabilities of glyphosate 
(and paraquat) resistance evolution under a range of past, present and likely future use strategies. 
METHOD 
The model simulates the population dynamics and genetics of a single annual ryegrass population.  
Resistance to glyphosate and paraquat are assumed to be conferred by single genes and the fate and 
frequency of resistant (R) and susceptible (S) alleles are tracked from generation to generation.  Three 
crop options (wheat, lupins and canola) have been included and the model runs as a 30 year crop 
rotation.  All scenarios presented are based on a continuous wheat, lupin, wheat, canola (WLWC) 
rotation.  Where important initial parameters are unknown or may vary between populations a range of 
values is specified from which a single value is randomly selected during each iteration of the model.  
As such, the model is stochastic and for each management scenario 1000 runs are conducted to 
determine the probability of glyphosate and/or paraquat resistance under that scenario.  A ryegrass 
population is deemed resistant to a herbicide when 20 per cent of individuals in that population are 
resistant. 
RESULTS 
Since the 1970s reduced tillage systems have been widely adopted in which pre-seeding weed control 
is achieved with herbicides (predominantly glyphosate) and there is full cut cultivation at seeding only.  
In a 30 year WLWC rotation with annual glyphosate use and full cut cultivation, the model never 
predicted the evolution of glyphosate resistance. 
More recently, growers are moving towards crop establishment systems that eliminate soil disturbance 
(zero-tillage).  Whilst harnessing a range of soil erosion, structure and nutritional benefits, zero-tillage 
systems considerably reduce cultural weed control and consequently put greater pressure on 
herbicides for pre-seeding weed control.  In zero-tillage systems with annual glyphosate use, 
glyphosate resistance is predicted to occur in 50 per cent of ryegrass populations after 20 years 
(Figure 1a).  When zero-tillage and full cut systems are alternated, glyphosate resistance is predicted 
in 40 per cent of populations after 30 years (Figure 1a).  However, most zero-tillage growers are 
committed to this system for its longer term benefits and may not be willing or able to rotate their 
tillage systems. 
The widespread preference for glyphosate is evident from its market share (90 per cent of knockdown 
sales in WA).  However, if zero-tillage farmers are to ensure the availability of glyphosate into the 
future, more use needs to be made of alternative knockdown herbicides (predominantly Spray.Seed).  
With annual rotation of glyphosate and Spray.Seed the model predicts resistance to glyphosate in 
about 20 per cent of ryegrass population after 30 years (Figure 1b).  No resistance to Spray.Seed is 
predicted.  The introduction of glyphosate-resistant canola further increases glyphosate use.  Even 
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with rotation of glyphosate and Spray.Seed for knockdown weed control, resistance to glyphosate is 
predicted in 50 per cent of populations after 18 years (Figure 1c).  Resistance to Spray.Seed is 
predicted in 10 per cent of populations after 30 years.  Where the double knockdown (a full rate 
application of glyphosate followed by a full rate of Spray.Seed) is practiced, risks of glyphosate 
resistance are reduced to 20 per cent after 18 years. 
Burgeoning herbicide resistance in WA now means that many growers have few or no options 
remaining for in-crop ryegrass control.  Simulations were run with zero-tillage, glyphosate-resistant 
canola and the double knockdown with no options available for ryegrass control in wheat crops.  
Resistance to glyphosate and Spray.Seed becomes apparent after 12 years and is predicted in 90 per 
cent of populations by year 30 (Figure 1d).  These very high resistance risks can be overcome by 
returning to a system with full cut cultivation at seeding (glyphosate resistance predicted in 0.3 per 





















































a) Glyphosate resistance evolution with annual  b) Glyphosate resistance evolution with annual  
 zero-tillage (), alternating zero-tillage zero-tillage and annual rotation of glyphosate  
 and full-cut cultivation (◆) and a  and Spray.Seed () or two years glyphosate 





















































c) Glyphosate and Spray.Seed resistance d) Glyphosate () and Spray.Seed (   ) resistance 
 with annual zero-tillage, glyphosate- evolution with zero-tillage, glyphosate- 
 resistant canola and annual rotation of resistance canola and the double knockdown 
 glyphosate and Spray.Seed (glyphosate with no in-crop herbicide available in wheat 
 resistance, () Spray.Seed resistance crops. 
 (    ) or the double knockdown (glyphosate 
 resistance () Spray.Seed resistance (◆)). 
Figure 1. Cumulative probability distributions for predicted evolution of glyphosate and Spray.Seed 
resistance in a 30 year WLWC continuous cropping rotation. 
CONCLUSION 
Together, zero-tillage systems, glyphosate resistant crops and increasing resistance to selective 
herbicides increase risks of glyphosate resistance in annual ryegrass.  These risks can minimised with 
judicious use of knockdown herbicide and tillage options. 
KEY WORDS 
glyphosate, Spray.Seed, glyphosate-resistance canola, model, tillage, double knockdown 
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WEEDEM:  A program for predicting weed 
emergence in Western Australia 
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KEY MESSAGES 
WEEDEM allows the prediction of emergence of annual ryegrass and wild radish.  Accurate 
predictions increase the efficiency of early season weed management.  
AIMS 
Development of a software package that accurately predicts the emergence of annual ryegrass and 
wild radish in typical Western Australian broadacre crop production systems. 
METHOD 
WEEDEM uses emergence models derived from laboratory and field data on the emergence patterns 
of wild radish (Raphanus raphanistrum) and annual ryegrass (Lolium rigidum).  The software model 
predicts emergence based on microclimate conditions of soil moisture and temperature near the soil 
surface relating these conditions to the extent and timing of seedling emergence.  Soil moisture and 
temperature values are estimated from local daily rainfall and temperature data.  These weather inputs 
are widely available and readily accessible to all potential users.  The weather data is then converted 
within the model into soil water potential and soil temperature, which represent the primary driving 
variables within the model.  
In early 2002 a series of workshops were conducted with the farmers involved in collecting emergence 
data the previous season.  As part of this workshop the farmer-collected emergence data was 
compared with model derived data.  In doing this farmers were required to use WEEDEM to derive the 
wild radish emergence curves from the on-site rainfall and temperature data.  Following this farmers 
were requested to provide feedback on the value of the program and its potential use in the planning 
and implementation of weed control strategies. 
RESULTS 
The cumulative emergence curves developed by WEEDEM allow the accurate prediction of the 
cumulative emergence of wild radish and annual ryegrass occurring during a Western Australian 
growing season (Figure 1).  The predicted emergence curves for both weeds have been proven to 
closely mirror those derived from weed counts collected from a number of Western Australian cropping 
situations (Figure 2).  Therefore, given the accuracy for predicting emergence, it is envisaged that the 
WEEDEM emergence models can be used in the planning and implementation of weed management 
practices.  In particular the ability to predict the occurrence and extent of emergence would be most 
valuable at the start of the growing season.  This is the critical period for the conduct of strategic weed 
control practices that specifically target annual ryegrass and wild radish.  Feedback from the farmer 
users clearly indicated that the greatest use for the WEEDEM program would be in assisting farmers 
to plan weed control procedures over this period. 
As well as annual ryegrass and wild radish the WEEDEM model has the capacity to house emergence 
models for additional weeds.  The only constraint to the inclusion of other weeds is the availability of 
field emergence data.  In the near future an emergence model for wild oats is to be included in the 
program.  Therefore, the potential exists for the simultaneous emergence predictions of a range of 
weed species present in a paddock. 
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Figure 1. Graphical display of predicted emergence curves. 
Figure 2. Comparison of actual versus predicted cumulative emergence.  
CONCLUSION 
Emergence curves developed by WEEDEM allow the accurate prediction of wild radish and annual 
ryegrass emergence for specific paddocks over a Western Australian growing season.  It is envisaged 
that the model would be most valuable in planning and implementing early season weed control 
practices. 
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WEEDEM, wild radish, annual ryegrass 
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Weed and herbicide management for long term 
profit:  A workshop  
Alister Draper1 and Rick Llewellyn12   
1WA Herbicide Resistance Initiative, 2School of Agricultural and Resource 
Economics, University of Western Australia 
KEY MESSAGES 
‘Weed and Herbicide Management for Long Term Profit’ is an interactive workshop for growers using 
the Resistance and Integrated Management (RIM) model.   
A workshop package is now available as part of the Topactive (Topcrop) catalogue, including delivery 
guide, a specially developed version of RIM, and slide set. 
THE WORKSHOP PACKAGE 
The ‘Weed and Herbicide Management for Long Term Profit’ workshop is stimulating, fun and highly 
interactive.  Teams of growers apply their local knowledge of agronomic and integrated weed 
management to develop the most profitable rotations over a 10-year period.  Activities include the use 
of the RIM model, which has been customised for workshop use.   
For deliverers, the workshop package is designed to make running a successful workshop easy.  It 
includes a guide with tips on how to get the most out of the workshop, a CD containing the RIM model 
and a PowerPoint slide set covering topics such as the efficacy of weed management practices, 
resistance development and the long-term management of herbicide resistance and weed seed 
banks.  Two info-notes on the efficacy of various IWM control treatments on annual ryegrass and wild 
radish and answers to frequently asked questions about herbicide resistance are also included in the 
workshop kit as ‘take home’ reference materials for participants.   
Who is it for? 
The workshop is for grain producers in southern Australian wheatbelt farming systems.  The Topactive 
workshop package is for agronomists, development officers and anyone else working with grain 
growers who have an interest in developing weed and herbicide resistance management skills and 
knowledge.   
What does it offer participants? 
• Improved knowledge of integrated weed management practices and the best strategies for 
profitable weed seed bank management. 
• Improved understanding of herbicide resistance and the best use of herbicides over time. 
• Greater understanding of the profitability of adopting specific weed management practices and 
strategies in the local system. 
• Greater awareness of local approaches to cropping, weed management and herbicide 
resistance. 
Availability 
To obtain a copy of the package or to arrange for WAHRI to run a workshop for your grower group 
phone (08) 9380 7870 or e-mail wahri@agric.uwa.edu.au.  For more information visit the WAHRI 
website:  http://wahri.agric.uwa.edu.au 
KEY WORDS 
integrated weed management, herbicide resistance, extension 
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Alternative herbicides for control of triazine and 
diflufenican multiple resistant wild radish 
Aik Cheam1, Siew Lee1, David Nicholson1 and Mike Clarke2 
1Department of Agriculture, Western Australia, 2Bayer CropScience 
KEY MESSAGES 
• A population of wild radish multiple resistant to triazines (Group C) and diflufenican (Group F) 
but susceptible to other herbicide groups is still controllable by chemical options. 
• A good range of selective herbicides has been found to give effective control of the population 
in cereals but the biggest challenge is the lack of early post emergence alternative herbicides 
for its control in the lupin phase. 
• Switching to Sniper in lupins to control the population is not an option because there is cross 
resistance to Sniper. 
• Herbicide recommendations should be based on the site of action rather than the Australian 
mode of action classification. 
BACKGROUND 
Following the discovery of a population of wild radish multiple resistant to triazines and diflufenican in 
a canola crop in 1998, steps were undertaken by the farmer to maximise its control in subsequent 
years.  In 1999, two alternative herbicide groups, namely Group B and Group I, were used in 
combination to control the resistant population in a wheat crop.  Ally (metsulfuron-methyl), Glean 
(chlorsulfuron) and MCPA were used as a mixture and excellent control of the wild radish was 
achieved.  In 2000 and 2001, the paddock was diverted to a pasture phase using Cadiz serradella to 
allow spraytopping and grazing to control the seed production of wild radish in spring.  Despite the 
three years of intensive control, the density of wild radish in 2002 was still high, averaging more than 
100 seedlings/m2.  This high density however, did not deter the farmer from planting wheat in the 2002 
season.  This was because from his 1999 experience, the same wild radish population was 
successfully controlled in a wheat crop despite its density being 15-fold higher, averaging 1500 
seedlings/m2.  The same three-way mix as in 1999 was used in 2002.  However, to allow greater 
flexibility in the use of herbicides in future years, the farmer was keen to know what alternative 
herbicides are available for controlling the population.  Hence, field trials were initiated last season to 
demonstrate the availability of alternative herbicides for the control of the population.  Results from 
previous studies were used as a guide in the choice of herbicide treatments for the trials. 
METHOD 
Wild radish seeds collected from the herbicide resistant population (R) in the farmer’s paddock were 
seeded at the Avondale Research Station to test for the population’s response to some of the 
herbicides commonly used for the control of wild radish in wheat and lupins.  At the same time, a 
known susceptible population (S) was included in the test.  The trial design was a split-plot with 
herbicide treatment as the main plot and the radish population as the sub-plot.  All treatments were 
applied when the wild radish was at the 3-4 leaf stage of development.  Some of the treatments 
imposed are shown in Table 1, the rest in Table 2.  Five weeks after herbicide treatment, wild radish 
survival was recorded.  Plants were recorded as alive if majority of the leaves remained green and 
their growing points remained alive or they strongly recovered after application of the herbicide.  
Samples of the surviving plants were cut at ground level in some of the treatments and the fresh 
weight compared to that of the untreated control. 
Another trial was established in the farmer’s paddock at Mingenew after he had seeded the whole 
paddock with Carnamah wheat.  Prior to crop seeding, the trial site was top-dressed with wild radish 
pods previously collected from the same paddock.  The trial design was a randomised complete block 
with three replicates and each herbicide treatment was in a 3 m by 20 m plot.  The treatments imposed 
are shown in Table 2.  All treatments were applied in early July when the wheat crop was at the Zadok 
stage Z15/22 and most of the wild radish at the 4-6 leaf stage.  Wild radish density was assessed in all 
plots at five and eight weeks after herbicide treatment. 
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RESULTS AND DISCUSSION 
The poor response of the resistant population to triazines and Brodal Options (diflufenican) 
reconfirmed the resistance status of the population (Table 1).  Since the population shows multiple 
resistance to both herbicide groups, mixtures like Brodal Options + Simazine, Brodal Options + 
Lexone (metribuzin), and Brodal Options + Simazine + Lexone, are no longer effective on the 
population.  Cross resistance also occurred to Sniper and its mixtures with simazine or Lexone.  
Cross resistance to Sniper (picolinafen) is not surprising since both Brodal Options and Sniper 
have the same mode of action, targeting the enzyme phytoene desaturase. 
Table 1. Herbicides that no longer control the resistant population (R) in the lupin phase based on the 
results obtained at the Avondale Research Station 
Herbicide Rate/ha 
% Wild radish survival 
5 wks after treatment 
R S 
Brodal Options 200 mL 55.1 0 
Brodal Options + Simazine 100 mL + 1 L 47.9 0 
Brodal Options + Lexone 100 mL + 100 g 22.0 0 
Brodal Options + Simazine + Lexone 100 mL + 0.5 L + 60 g 50.5 3 
Sniper 37.5 g 60.2 0 
Sniper + Simazine 25 g + 1 L 52.3 0 
Sniper + Lexone 25 g + 100 g 44.0 0 
Atrazine + 1% Ulvapron 2 L 100 0 
Therefore, any resistance management strategy involving Brodal-resistant wild radish should not be 
based on switching to Sniper in lupins.  The mixtures Sniper + Simazine and Sniper + Lexone 
also failed to give effective control of the population.  Once wild radish has evolved multiple resistance 
to Group C and Group F herbicides all three registered herbicides, Brodal Options, Sniper and 
simazine (on their own or in mixtures) will no longer work on the population.  The resistance to Group 
C and Group F herbicides but not Group B (based on earlier tests), means that in lupins, there is only 
one registered post emergence herbicide option left, i.e. the use of Eclipse (metosulam).  Its use 
however, must be carefully planned to avoid development of resistance to this Group.  Eclipse is an 
acetolactate synthase inhibitor. 
Since the population is still susceptible to the ALS inhibitors and phenoxy herbicides based on earlier 
tests, it means that the population can still be controlled with many alternative herbicides in the wheat 
phase (Table 2). 
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Table 2. Herbicides that are effective on the resistant population (R) when used at the recommended 
rate early post emergence in wheat.  Results were based on work at Avondale Research 
Station and Mingenew 
Herbicide Rate/ha 
% Wild radish survival 
5 wks after treatment 
Avondale Mingenew 
R S R 
Barracuda 0.6 L 0 0 4.1 
Jaguar 0.5 L 0 0 1.9 
Giant 0.6 L 57.2 (6.0)  37.6 (6.0)  1.9 
Tigrex 0.5 L 74.1 (5.0)  65.9 (6.0)  0 
Paragon 375 mL 81.3 (3.0)  63.9 (3.0)  0 
Affinity + MCPA amine 60 g + 500 mL 69.1 (11.0)  68.0 (9.0)  1.7 
Buctril MA 1.4 L 0 0 2.7 
Bromoxynil 625 mL 95.3 (56.0) 92.1 (48.0) 44.3 
Bromoxynil 2 L 0 0 5.4 
MCPA 250 mL 100 (28.0) 100 (21.0) 64.2 
MCPA 1.6 L - - 2.2 
Glean + MCPA 5 g + 500 mL LVE 7.0 (2.0)  3 (2.0)  0 
Diuron + MCPA 350 mL + 400 mL - - 0.3 * 
Diuron (50% flowable) 350 mL - - 95.4 
Barrel 1 L - - 2.7 
Untreated  100 (104) 100 (103) 100 
* Observed at 8 weeks after spraying. 
  Fresh weight (g) per plant of survival is shown within brackets. 
The effectiveness of diflufenican + bromoxynil (Jaguar and Barracuda) is interesting.  Since 
diflufenican and bromoxynil are classified under Group F and Group C respectively, based on the 
present Australian herbicide classification system, one would be tempted to think that the mixture is 
unlikely to be effective on the population.  However, under the international Herbicide Resistance 
Action Committee (HRAC) classification system, bromoxynil is placed under Group C3 and the 
triazines and metribuzin under C1.  Unlike the triazines, bromoxynil has a different binding behaviour 
at the binding protein D1 in photosystem II.  This protein is also called the herbicide or QB binding 
protein.  Herbicides that bind in the QB niche have been grouped into two families, based on their 
interaction with amino acids at this site:  The triazine/urea family which shows a strong interaction with 
Ser 264 and the phenol family that interacts strongly with His 215.  Bromoxynil, being a nitrile, belongs 
to the phenol family.  Mutations in triazine resistance have lead to an increased sensitivity to phenol-
type herbicides.  This, together with the fact that bromoxynil has an additional mode of action involving 
membrane disruption probably account for the effectiveness of the bromoxynil + diflufenican mixture.  
It is interesting to note that at the low rate of 625 mL of bromoxynil, equivalent to that present in 
Jaguar, both the R and S populations had a high level of survivors.  At the commercial rate of 2 L, 
both populations were effectively controlled.  Therefore, diflufenican despite its low activity on its own, 
its interaction with a low rate of bromoxynil resulted in effective kill of the R population. 
Another significant result was the effectiveness of the mixtures diflufenican + MCPA (Tigrex and 
Giant), and picolinafen + MCPA (Paragon), despite the resistance of the population to one of the 
components in the mixture.  This was clearly evident in Mingenew but at Avondale, suppression of the 
wild radish biomass rather than plant mortality was observed.  The suppression rather than kill at 
Avondale was also observed in the susceptible population so it was not a function of resistance.  
Therefore, once a herbicide is no longer effective on a population due to resistance, mixing it with the 
appropriate herbicide having a different mode of action may result in control of the resistant 
population, as shown in this study.  Again, in the case of Tigrex for example, it requires only a low 
rate of 250 mL MCPA to be mixed with diflufenican to be effective.  MCPA on its own at this low rate 
was ineffective, whereas 1.6 L gave almost complete kill (Table 2). 
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The mixtures MCPA + bromoxynil + dicamba (Barrel), Glean + MCPA, bromoxynil + MCPA (Buctril 
MA) and Affinity (carfentrazone-ethyl) + MCPA amine, all gave excellent control of the R 
population.  However, it took longer to obtain effective kill with diuron + MCPA. 
CONCLUSION 
A population of wild radish multiple resistant to triazines (Group C) and diflufenican (Group F), but 
susceptible to other herbicide groups, has been effectively controlled by other alternative herbicides in 
the wheat phase.  The biggest challenge is the lack of alternative herbicides for its control in the lupin 
phase.  Switching to Sniper in lupins to control the population is not an option because there is cross 
resistance to Sniper.  The use of Eclipse post emergence is the only chemical option left in lupins 
where group F and group C1 resistance is present but its use must be carefully planned to avoid 
development of resistance to the Group B herbicides.  When considering herbicide options as part of 
the resistance management program, one must take into account not only their modes of action, but 
also their sites of action. 
KEY WORDS 
wild radish, triazine, diflufenican, resistance 
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Resistance of wild mustard biotype to ALS-inhibiting 
herbicides in WA Wheatbelt 
Abul Hashem, Department of Agriculture, Centre for Cropping Systems, Northam 
KEY MESSAGE 
One biotype of wild mustard (Indian hedge mustard) has evolved resistance to chlorsulfuron and 
metosulam in WA wheatbelt.  Based on the LD50 ratio, the resistant biotype was 36 and 52-fold 
resistant to chlorsulfuron and metosulam respectively compared with the susceptible control 
population.  
AIMS 
This study was undertaken to examine if wild mustard has evolved resistance to ALS-inhibiting (Group 
B) herbicides within WA wheatbelt. 
METHODS 
Mature pods of 16 wild mustard (Indian hedge mustard) populations were collected during 1996 to 
2000 from the WA wheatbelt paddocks where unexplained control failure had occurred.  Pods were 
crushed, seeds cleaned and stored at room temperature (23oC) until used.  Plants of all the 
populations were grown in pots under glasshouse conditions and sprayed with label rates of 
chlorsulfuron (15 g ai/ha) and metosulam (5 g ai/ha) at 2 to 3-leaf stage.  Plants were considered dead 
if all the leaves of a plant had died and the central growing point was not active four weeks after 
spraying (WAS).  The susceptible (S) and resistant (R) biotypes were discriminated on the basis of the 
plant survival in each population.  In the dose response curve test, 12 plants of wild mustard were 
grown in 1 L pots filled with potting mix and sand.  Plants were sprayed with six rates chlorsulfuron (0, 
7.5, 14.1, 30, 60, and 90 g ai/ha) and metosulam (0, 2.9, 5.7, 11.4, 22.8 and 46.7 g ai/ha) at 2-3-leaf 
stage.  Phytotoxicity was assessed 4 WAS as described above and aboveground dry matter of plants 
per pot was recorded.  LD50 values were determined by probit analysis and degree of resistance was 
determined by dividing the LD50 of R biotype by the LD50 of S biotype. 
RESULTS 
In the initial screening, one population (FS96-01) out of the 16 was found to be resistant to both 
chlorsulfuron and metosulam.  
Plant survival 
Subsequent dose response curve test on the R biotype (FS96-01) showed that more than 84 per cent 
of the R iotype plants survived up to 60 g ai/ha chlorsulfuron and 50 per cent survived up to 90 g ai/ha, 
a rate that is six times greater than the label rate (Figure 1).  All the plants of the S biotype died at 
7.5 g ai/ha of chlorsulfuron.  The LD50 ratio indicated that the R-biotype was 36-fold resistant to 
chlorsulfuron compared with the S biotype. 
About 96 per cent plants of the R biotype survived at 5.7 g ai/ha metosulam and 89 per cent survived 
at 46.7 g ai/ha, a rate that is nine times greater than the label rate.  About 82 per cent of the S biotype 
plants died at 3 g ai/ha metosulam and all plants died at 5.7 g ai/ha.  The LD50 ratio indicated that the 
R-biotype was 52-fold resistant to metosulam compared with the S biotype.  
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Figure 1. Survival of wild mustard plants to chlorsulfuron and metosulam, expressed as percentage of 
untreated control plants. 
Dry matter production 
The plants of R biotype produced 74 per cent biomass relative to the untreated control at 14 g ai/ha 
chlorsulfuron and 44 per cent at 90 g ai/ha (Figure 2).  The biomass of the S biotype plants was too 
little to weigh at 4 WAS when treated with 7.5 g ai/ha or higher rate of chlorsulfuron.  When treated 
with 5.7 g ai/ha metosulam, the R biotype plants produced 81 per cent biomass relative to the 
untreated control and 34 per cent at 46.7 g ai/ha metosulam.  The dry matter of the S biotype plants 
was too little to weigh when treated with 5.71 g ai/ha or higher rate of metosulam.  
The resistant population (FS96-01) was collected form a Mukinbuddin paddock with heavy soils where 
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Figure 2. Dry matter production of wild mustard plants when treated with chlorsulfuron and metosulam, 
expressed as percentage of untreated control plants. 
CONCLUSIONS 
The results clearly established that the wild mustard population FS96-01 has evolved resistance to 
both chlorsulfuron and metosulam.  Evolution of resistance to Group B herbicides by wild mustard 
further complicates the broadleaf weed management in pulses as wild radish has already evolved 
widespread resistance to Group B herbicides. 
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Glyphosate-resistant ryegrass biotypes in the WA 
wheatbelt 
Abul Hashem1, Catherine Borger2 and Nerys Wilkins2, Department of Agriculture, 
1Centre for Cropping Systems, Northam and 2Dryland Research Institute, Merredin 
KEY MESSAGE 
Two populations of annual ryegrass have evolved resistance to glyphosate within the WA wheatbelt, 
raising the number of glyphosate-resistant ryegrass populations in WA to 3. Based on the LD50 ratio 
the resistant populations were 2.5 to 2.7-fold resistant to glyphosate compared to a susceptible 
control. 
AIMS 
Glyphosate is a major non-selective herbicide used to control weeds in many situations including 
pre-seeding weed control.  In Australia, resistance to glyphosate in annual ryegrass was first reported 
in 1996 (Pratley et al. 1996) and then in 1998 (Powles et al. 1998).  Since then as many as 12 
ryegrass populations have been reported to be resistant to glyphosate including one in the WA 
wheatbelt (Neve et al. 2002).  This study was carried out to detect further glyphosate-resistant 
ryegrass population within the WA wheatbelt. 
METHODS 
Seed samples of 51 ryegrass populations were collected in a survey in 1998 and 1999 from WA 
wheatbelt farmers' paddocks where unexplained control failure of ryegrass had occurred.  In 1999, 
ryegrass seeds were sown in trays filled with potting mix and sands.  At the 1-leaf stage, 12 to 16 
ryegrass seedlings were transplanted into 1 L pots filled with potting mix and maintained under 
glasshouse conditions.  At the 2 to 3-leaf stage glyphosate was sprayed at 510 and 1020 g ae/ha with 
0.2 per cent by volume non-ionic surfactant.  Plant survival was assessed about 3 weeks after 
spraying.  Some plants (2 to 8 per cent) in some populations including 980668 (collected along the 
railway line in York in 1999) and 980605 (collected from Northampton) survived 1020 g ae/ha of 
glyphosate leading to a suspicion of possible glyphosate resistance.  To verify this suspicion, a dose 
response curve test (DRCT) was conducted on the original collection of these two suspected resistant 
(R) populations (980605 and 980668) together with a known susceptible (S) population in 2000 with 0, 
225, 510, 1020, and 2040 g ae/ha glyphosate.  Plants surviving at each rate in this dose response 
curve test were transported outdoors, placed in close proximity, and allowed to produce seeds.  
Mature F1 seed of each population was collected and maintained separately as a sub-population for 
each glyphosate rate. 
Ryegrass plants of another population (DWL/00) surviving after glyphosate treatment in a Dalwallinu 
paddock were collected in August 2000.  Plants were trimmed, transplanted and allowed to reshoot.  
Once re-established plants were treated with 0, 510, 1020 and 1530 g ae/ha glyphosate and surviving 
plants were resprayed with 2040 g ae/ha.  Surviving plants of DWL/00 were transported outdoors, 
placed in close proximity and allowed to produce seeds.  Mature F1 seed was collected in spring 2000 
and bulked across glyphosate rate.  All trials were conducted in a completely randomised design with 
at least three replicates. 
All F1 seeds were stored at 23 C until used.  In 2001, the F1 seeds of each sub-population of 980668 
and bulked population of DWL/00 were sown separately, transplanted and treated as described above 
with 0, 510, 1020 and 2040 g ae/ha.  The surviving plants were allowed to produce seed.  F2 seeds 
were collected and sub-populations were bulked to obtain appreciable quantity of seeds.  In 2002, a 
dose response curve was conducted on the bulked F2 seeds of two R populations (980668 and 
DWL/00) with 0, 225, 510, 1020, 2040 and 4080 g ae/ha.  R population 980605 was not tested in 2002 
due to poor germination of F2 seeds. 
LD50 values of the R and S populations were estimated by probit analysis on the plant survival data in 




In the DRCT on the original collection, 23 and 38 per cent plants of population 980668 and 980605 
survived at 510 g ae/ha glyphosate while all the plants of the S population (980671) died at this rate.  
At 1020 g ae/ha glyphosate, 9 per cent plants of population 980605 and 2 per cent of 980668 survived 
(Figure 1).  These results indicated that the populations 980668 and 980605 probably had some 
resistant (R biotype) plants in them. 
In the DRCT on F1 plants, 27 to 47 per cent of the F1 plants of R biotype sub-population 980668(20) 
and bulked population DWL/00 survived at 510 g ae/ha while all plants of the S biotype plants died at 
this rate (data not presented).  These results on F1 plants clearly indicated that individuals within these 
populations were resistant to 510 g ae/ha of glyphosate, the rate most commonly used to control 
ryegrass. 
In the DRCT on the bulked F2 plants, 48 per cent plants of 
DWL/00 and 86 per cent plants of 980668 survived at 510 g 
ae/ha while only 5 per cent of the S biotype survived at this 
rate (Figure 2).  At 1020 g ae/ha glyphosate, 23 per cent of 
980668 and 37 per cent of DWL/00 plants survived while all 
the plants of the S biotype died.  The LD50 ratio was 2.5 for 
DW/00 and 2.7 for 980668.  These results on the F2 plants 
clearly established that the populations 980668 and DWL/00 
are resistant to 1020 g ae/ha glyphosate.   
 
Figure 1. Dose response curve test on the 
original collection of three 
ryegrass populations collected 
from WA wheat belt.  K980671 (S) 
is a susceptible biotype while 
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Figure 2. Survival of F2 plants of two 
resistant and one susceptible (S 
biotype) populations of annual 
ryegrass treated with different 
rates of glyphosate at three-leaf 































Discovery of these two resistant ryegrass populations has brought the total number of glyphosate-
resistant populations to 3 in WA.  For control of annual ryegrass under minimum tillage in WA, the 
recommended rate of glyphosate is 540 to 720 g ae/ha.  At 510 g ae/ha, 95 to 100 per cent plants of 
the S biotype were controlled and those, which apparently did not die, were severely affected and did 
not produce seeds.  In contrast, 48 to 86 per cent of the F2 plants of the R biotypes (DWL/00 and 
980668) survived 510 g ae/ha and 23 to 37 per cent survived 1020 g ae/ha (Figure 2) clearly 
establishing that these populations are resistant to glyphosate.  The LD50 ratio (R/S) values of 2.5 to 
2.7 further endorse that these two populations are resistant to glyphosate.  The survival levels and the 
LD50 ratio values in these two R biotypes were lower than the most other R populations reported 
previously in Australia. 
Regardless of the level of resistance and type of resistance mechanism involved, difficulty in 
controlling ryegrass at label rate poses serious threat to the sustainability of crop productivity in WA, 
given that glyphosate is still the single most important knockdown herbicide to control ryegrass at pre-
seeding.  It is believed that the gene endowing the resistance in ryegrass to glyphosate is relatively 
rare.  For control of ryegrass, high reliance on the knockdown herbicides from the same mode of 
action with repeated application over a period of years is likely to result in the evolution of glyphosate-
resistant ryegrass biotype in any system.  
Integrated weed management (IWM) including rotation of knockdown herbicides and, if conditions 
permit, double knockdown applications should be practised to prolong the effective life of chemicals 
and sustain productivity. 
CONCLUSION 
The results clearly show that two populations of annual ryegrass have evolved resistance to 
glyphosate within the WA wheatbelt.  The level of resistance shown by these populations in F1 and F2 
plants is relatively low compared to most other documented resistant populations in Australia. 
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Implications of herbicide rates for resistance 
management 
Paul Neve, Western Australian Herbicide Resistance Initiative, School of Plant 
Biology, University of Western Australia, Crawley   WA   6009 
KEY MESSAGES 
Low rates of the ACC’ase-inhibiting herbicide diclofop-methyl can rapidly select for high levels of 
herbicide resistance in a susceptible ryegrass population. 
AIMS 
Work reported aims to establish levels of resistance in unselected ryegrass populations and to 
determine the response of a susceptible ryegrass biotype to recurrent selection with low doses of 
diclofop-methyl. 
METHOD 
Frequency of phenotypic resistance in unselected ryegrass populations 
In 2001, 27 populations of ryegrass (Lolium sp.) were collected from sites in Western Australia and 
Victoria that had no previous history of herbicide application.  During 2002, 500 seeds from each 
population were sown into four replicate trays containing standard potting mix and maintained in a 
glasshouse during the normal winter growing season.  At the 2-3 leaf stage, seedlings were sprayed 
with the recommended rate of diclofop-methyl (375 g ae ha-1) using a twin nozzle track sprayer in 98 L 
ha-1 water volume.  Mortality was assessed 21 days after spraying. 
Recurrent selection of susceptible ryegrass with low rates of diclofop-methyl 
In 2000, 50 seeds of a known diclofop-methyl susceptible ryegrass population (VLR 1) were sown into 
trays containing a standard potting mix.  Treatments were diclofop-methyl applied at 37.5 (0.1x), 
75 (0.2x), 102.5 (0.3x), 187.5 (0.5x) and 375 (x) g ae ha-1 (where x is the recommended field rate for 
diclofop-methyl application), with three replicate trays per treatment.  Herbicide were applied at the 2-3 
leaf stage as described above and mortality was assessed 21 days after spraying.  Individuals 
surviving the 37.5 and 75 g treatments were transferred to large pots and seed was collected from 
bulk crosses within treatments.  Plants were enclosed in pollen proof enclosures to prevent ingress of 
foreign pollen. 
In 2001, the original VLR 1 population (VLR 1 (C)) and the populations selected at 0.1x and 0.2x (VLR 
1 (0.1) and VLR 1 (0.2)) were treated with diclofop-methyl at 0.1x, 0.2x, 0.5x, x and 2x.  Twelve seeds 
were sown in 180 mm pots filled with standard potting mix and four replicates per treatment.  Herbicide 
application and assessment of mortality were as described above.  Seed was collected from surviving 
individuals. 
In 2002, the original VLR 1 population (VLR 1 (C)) and the populations selected at 0.1x in 2000 and 
0.2x in 2001 (VLR 1 (0.1, 0.2)) and 0.1x in 2000 and 0.5x in 2001 (VLR 1 (0.1, 0.5)) were treated with 
diclofop-methyl at 0.1x, 0.2x, 0.5x, x and 2x.  Experimental design and spraying protocol was as for 
2001. 
RESULTS 
Frequency of phenotypic resistance in unselected ryegrass populations 
The mean frequency of phenotypic resistance to diclofop-methyl within the 27 populations was 0.0417 
(0.417 per cent).  In a sample of 2000 individuals frequencies ranged from 0 to 2.63 per cent.  These 
frequencies are much greater than previously expected and indicate that there is a high degree of 
genetic variability for herbicide response in previously unselected ryegrass populations in Australia. 
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Recurrent selection of susceptible ryegrass with low rates of diclofop-methyl 
Dose (g a.e. ha-1)















y = 1.620 + 97.34 (-0.0275x)
 
Figure 1. Diclofop-methyl dose response curve for unselected VLR 1. 
Results in Figure 1 show a dose response curve for a known diclofop-methyl susceptible ryegrass 
population (VLR 1) in 2000. The LD50 for VLR 1 is 25.4 g ae ha-1.  As expected good control is 
achieved at or close to recommended field rates (the 1-2 per cent survival observed at field rate is 
similar to results for unselected populations above).  However, at lower doses (0.3x, 0.2x and 0.1x) 
increasing survival is evident giving rise to a characteristic dose response curve.  In the past, little 
attention has been given to individuals which survive these low doses in herbicide resistance studies, 
perhaps because it is assumed that they will not be exposed to such low doses in the field.  This may 
not be true where herbicide rates are cut and when we consider that even under ideal conditions, the 
actual dose reaching individual plants will vary. 
Seed produced on plants surviving low doses was screened at a range of diclofop-methyl doses in 
2001 to determine if selection with these low doses had changed the LD50 of the population.  Following 
selection at 0.1x and 0.2x the LD50 values were 112.4 and 199.5 g ae ha-1, respectively. 
When seeds produced on plants surviving up to 0.5x in 2001 were screened for diclofop-methyl 
resistance in 2002, LD50 values were as high 610 g ae ha-1.  Following two years of selection with low 
doses of diclofop-methyl over 50 per cent of a previously susceptible ryegrass population was 
resistant to recommended field rates. 
CONCLUSION 
Low herbicide rates may accelerate selection of pre-existing variation for herbicide response in 
unselected ryegrass populations. 
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Putting a price on glyphosate resistance 
Rick Llewellyn, School of Agricultural and Resource Economics/WA Herbicide 
Resistance Initiative, University of Western Australia 
KEY MESSAGES 
Grain growers place a very high value on the ability to use glyphosate. 
Growers are generally aware of the known risk of glyphosate resistance in ryegrass under intense 
selection pressure.   
Under typical conditions of use on their own farm, the risk of glyhosate resistance is perceived to be 
much lower. 
AIMS 
The cost of herbicide resistance to farm profits includes the cost of substitute control measures and 
possibly higher weed loads.  There are also likely to be other costs to the farming system that are 
more difficult to quantify.  This study uses a survey of WA grain growers and their stated valuation of 
cropping land to: 
• determine grain grower perceptions of the economic value of glyphosate and other herbicides to 
their farming system and the perceived risk of glyphosate resistance; 
• identify opportunities to target extension for improved weed management decisions by grain 
growers. 
METHOD 
In 2000 and 2001, visits were made to randomly selected Western Australian grain growers from the 
Dalwallinu (DAL) (64) and Katanning-Woodanilling (KAT) shires (68).  
As a measure of the perceived value of herbicides to farm profits, in hypothetical scenarios, growers 
were asked their willingness to pay (WTP) for neighbouring cropping land identical to their own 
cropping land in all respects except for varying levels of herbicide resistant ryegrass.   
Grower estimates of the number of glyphosate applications available before resistance becomes a 
problem in their own paddocks and in hypothetical scenarios were also elicited.   
RESULTS 
Land with ryegrass resistant to glyphosate and Group A and B herbicides was devalued by 54 per 
cent relative to land with no herbicide resistance by growers in DAL (Figure 1).  In KAT, where grazing 
enterprises are more profitable, growers perceived the cost of resistance to glyphosate (and Group A 
and B herbicides) to be lower.   
In this hypothetical scenario, land with glyphosate resistant ryegrass was devalued to some extent by 
95 per cent of all growers.   
A large proportion of the reduction in willingness to pay for cropping land can be attributed to 
glyphosate resistance.  The willingness to pay of growers in DAL was 41 per cent less for land with 
ryegrass resistant to glyphosate, Group A and Group B resistant ryegrass than for land with ryegrass 
resistant to only Group A and B herbicides.  In KAT, the devaluation was 18 per cent.   
Resistance to just Group A and B herbicides resulted in a substantial, but lower reduction in the 
willingness to pay for that land that was similar for KAT and DAL.       
On average, growers expected glyphosate resistance to develop after 16 annual applications if it was 
the only herbicide used on a previously untreated population.  This is reasonably consistent with 
current research opinion for such a hypothetical scenario.    
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However, under the conditions of use typical on their own farm, growers expected to be able to apply 
23 applications in addition to those already received by their typical paddocks.  The average total 
number of reported glyphosate applications to typical cropping paddocks in their history was 11 in DAL 
and 7 in the less intensive cropping region of KAT.   
Figure 1. Change in grower willingness to pay (WTP) for cropping land with ryegrass resistant to Group 
A fops (Fops), fops and Group Bs (and Bs), all Group A’s and B’s (and Dims), and all Group 
As and B’s plus glyphosate (and Gly). 
CONCLUSION 
The loss of glyphosate is perceived by growers to have a higher economic cost than the more 
common forms of resistance.  This suggests that there may be greater incentive for growers to invest 
in glyphosate resistance prevention than for other herbicides.  However, adoption will be dependent 
on grower perceptions of the risk of glyphosate resistance developing in their paddocks. 
Growers were highly aware of the risk of glyphosate resistance under intense selection pressure.  
However, it was generally not expected that glyphosate resistance would evolve in the short term on 
their cropping land, under their current conditions of use.  This may be partly explained by the current 
rarity of observable on-farm examples of glyphosate resistance and expectations that glyphosate can 
continue to be used in ways that do not lead to resistance.   
Grower investment in preventing glyphosate resistance may increase if more local cases of glyphosate 
resistance are observed, leading to an increase in the perceived risk of glyphosate resistance.  
Modelling and extension may also be effective in demonstrating the risk of glyphosate resistance 
under different farm conditions. 
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Herbicide resistance from over the fence:  Mobility 
and management 
Debbie Allena, Rick Llewellynb 
aUniversity of Western Australia, 4th year student, 2002.  Mingenew-Irwin Group 
bSchool of Agricultural and Resource Economics/Western Australia Herbicide 
Resistance Initiative, University of Western Australia, Crawley 
KEY MESSAGE 
A high proportion of growers believe they have already gained a herbicide resistance problem on their 
farm via the movement of weed seed and pollen from other paddocks and farms.   
If they stopped selecting for herbicide resistance, most growers believe they would still eventually gain 
a resistance problem. 
AIMS 
If growers perceive that a herbicide resistance problem will move into a paddock regardless of their 
own management, investment in strategies to prevent herbicide resistance is less likely.   
The aims of this study were to:  
1. Determine whether growers expect a herbicide resistance problem to be gained in their 
cropping paddocks via the movement of herbicide resistant seeds and pollen between 
paddocks and farms. 
2. Determine which form of resistance mobility is perceived to be most important. 
3. Improve understanding of the factors that may influence herbicide resistance management 
decisions. 
METHOD 
A questionnaire was sent to 79 grain growers in the shires of Chapman Valley and Northampton in 
July and August 2002 via e-mail and fax.  The area has a high level of herbicide resistance, with 
70 per cent of the 60 respondents reporting some form of herbicide resistance on their farm.   
Using actual and hypothetical scenarios, questions elicited the perceived likelihood of gaining 
herbicide resistance through mobility, the number of years expected before it might occur and the way 
in which a herbicide resistance problem may reach the paddock. 
RESULTS 
Herbicide resistance mobility was perceived by most growers to have already lead to a resistance 
problem on their farm.  Seventy per cent of growers believe they have already gained a herbicide 
resistance problem in either annual ryegrass or wild radish in at least one paddock on their farm due to 
movement of seed or pollen.   
Table 1. Percentage of growers who perceive they have already gained herbicide resistance in a 
paddock on their farm through the following mechanisms of herbicide resistance mobility 
Form of mobility % 
Seed or plants carried by vehicles, livestock, or machinery 47 
Seed grain contamination 43 
Seed or pollen moving from weeds in own neighbouring paddock 38 
Seed or pollen moving from weeds in neighbours' paddocks 25 
Seed contamination of hay or feed grain  25 
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Seed or plants carried by vehicles, livestock, or machinery and weed seeds in seed grain were 
reported as the most likely sources (Table 1).  Movement of seed or pollen from neighbouring 
paddocks was also reported to be a common source of a resistance problem.   
A majority of growers perceived intra and inter-farm herbicide resistance mobility to be likely to occur 
in the future via seed or pollen movement from either their own or their neighbours weed population.  
Given a hypothetical scenario where the grower has a paddock with no herbicide resistance adjoining 
a neighbours’ paddock with Hoegrass resistant ryegrass or glyphosate resistant wild radish, and does 
not apply any more herbicide to that paddock, growers were asked to indicate the likelihood of gaining 
a herbicide resistant ryegrass or radish problem.  
Of the growers sampled, 92 per cent responded that there was at least some chance they would end 
up with a Hoegrass resistant ryegrass problem and 88 per cent responded that there was at least 
some chance they would end up with a glyphosate resistant radish problem, with a substantial 
proportion perceiving it to be highly probable (Table 2).   
On average, growers who expected to gain resistance in these scenarios estimated that it would occur 
after 7 years. 
Table 2. Growers’ perceived chance of gaining a herbicide resistance problem if their paddock without 
resistance adjoins a neighbour’s paddock with resistance, and the average expected number 
of years before this would occur 
Form of resistance 
Greater than 50% 
chance (%) 
Greater than 90% 
chance (%) 
Expected yearsa 
Hoegrass resistant ryegrass 87 35 7.2 
Glyphosate resistant radish 75 29 7.3 
a For growers who thought resistance mobility was greater than a 50 per cent chance. 
CONCLUSION 
The substantial proportion of farmers who perceive it likely that resistance will be gained through 
mechanisms outside of their management control suggests that herbicide resistance mobility needs 
further consideration.   
The perception that a resistance problem will be gained regardless of the grower’s own paddock 
management may be partly explained by the high proportion of growers who report that they have 
gained some resistance via mobility in the past.   
The results suggest that the perceived mobility of herbicide resistance could be a factor in reducing 
the incentive for growers to invest in conserving herbicide susceptibility.  Further research should be 
conducted to measure the actual levels of herbicide resistance mobility and the value of management 
practices that may reduce some forms of resistance movement.   
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Herbicide tolerance of new barley varieties  
Harmohinder S. Dhammu and Terry Piper, Department of Agriculture, Northam, 
Western Australia  
KEY MESSAGES 
• Baudin and Hamelin tolerated all the tested pre-emergence herbicides/herbicide mixtures very 
well. 
• Baudin showed sensitivity to Paragon and Barrel and Hamelin to Glean and Tigrex once, in last 
two year's testing. 
AIM 
To identify the possible adverse herbicides x barley varieties interaction. 
METHODS 
Results of two trials conducted at GSARI Katanning are being presented in this article and agronomic 
details are as follow: 
Location and year Katanning 2001 Katanning 2002 
Varieties tested Stirling, Baudin and Hamelin Stirling, Baudin and Hamelin 
Soil type Sandy gravel duplex Sandy gravel duplex 
Plot size and 
replication 
10 x 3 m 
3 replicates 




12 June 2001 
Superseeder points followed 
by rolling harrows 
21 June 2002 
Superseeder points followed 
by rolling harrows 
Seeding rate 60 kg/ha 60 kg/ha 
Fertiliser Agras 100 kg/ha Agras 100 kg/ha 
Harvesting date 10 December 2001 29 November 2002 
Total rainfall (mm) 
May-December 
366.0 300 
To note any phytotoxic effects from the herbicides, visual observations were taken 2-3 weeks after 
each spraying and also at anthesis.  Twenty-five heads per plot selected randomly were examined to 
determine per cent head deformities from Dicamba. 
RESULTS AND CONCLUSIONS 
Visual rating during early crop growth and at anthesis gave the following impressions: 
• Barrel, Tigrex and Ally caused biomass reduction during 2001, whereas Jaguar, Tigrex and 
Paragon resulted in yellow leaf spots/yellowing during 2002 across all the varieties during early 
crop growth stages.  Plants recovered by anthesis.  
• Dicamba caused yellowing and reduced the height and biomass of all the varieties during 2001.  
It resulted in 17 per cent, 8 per cent and 8 per cent, ear head deformities in Stirling, Baudin and 
Hamelin, respectively during 2001.  It did not cause any head deformities during 2002 in any of 
the varieties. 
• Hoegrass, Hoegrass + Achieve and HoeCert caused brown leaf spots with whitish centres in all 
the varieties during 2002.  The intensity of symptoms was in the order of Hoegrass + Achieve > 
Hoegrass > HoeCert.  
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EFFECTS ON YIELD 
The following herbicides caused significant yield reduction in the varieties. 
• Barrel and Paragon in -  Baudin during 2001 and 2002, respectively. 
• Tigrex and Glean in -  Hamelin during 2001 and 2002, respectively. 
• Barrel, Paragon, Tigrex and Glean did not cause significant yield reduction in Stirling in either 
year. 
• Dicamba reduced the yield of all three varieties during 2001.  Head deformities and yield 
reduction by Dicamba during 2001 could be due to fact that in the trials it was used at 3.6 times 
the recommended rate (A formulation mistake).  At the normal recommended rate (Dicamba 
50 per cent 280 mL/ha) it was safe to all the varieties during 2002. 
• Baudin and Hamelin has been tested only for last two years and yield reductions by above 
mentioned herbicides are not consistent, so these varieties needs further more testing to 
confirm the results.   
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Table 2. Effect of herbicides on grain yield (per cent of untreated control) of new barley varieties at 




Stirling Baudin Hamelin 
2001 2002 2001 2002 2001 2002 2001 2002 
  1 Untreated control 
(kg/ha) 












  2 Avadex  BW 2.0 L Xtra 1.6 L IBS 108 105 103 103 95 104 
  3 Stomp 330 1.8 L 1.8 L  101 110 103 103 98 111 
  4 Treflan 480 400EC 1.0 L 480 EC 0.8 L  104 111 101 103 100 102 
  5 Treflan 480 + Lexone 
75% 
 0.8 L + 150 g  NT 112 NT 100 NT 105 
  6 Glean 12.5 g   102 NT 103 NT 99 NT 
  7 Logran 35 g   103 NT 103 NT 101 NT 
  8 Yield 250 2.0 L   105 NT 102 NT 103 NT 
  9 Balance 100 g 100 g IPP 100 109 98 103 102 99 
10 Diuron 50% + Dual Gold  1.0 L + 0.25 L   106 NT 102 NT 101 NT 
11 Diuron 50% + Dual Gold  1.0 L + 0.5 L 1.0 L + 0.5 L  96 112 97 103 101 111 
12 Glean  12.5 g 2-3 leaf NT 105 NT 94 NT 94 
13 Jaguar  1.0 L  NT 95 NT 96 NT 98 
14 Achieve  380 g  NT 100 NT 100 NT 103 
15 Ally 5 g 5 g 3-4 leaf 105 99 102 97 100 101 
16 Tigrex 1.0 L 0.75 L  97 101 97 98 94 103 
17 Paragone 0.5 L 0.375 L  99 99 97 90 97 95 
18 Hoegrass  1.0 L  NT 107 NT 97 NT 104 
19 HoeCert  1.0 L  NT 115 NT 95 NT 106 
20 Hoegrass + Achieve  200 mL+200 g  NT 102 NT 105 NT 101 
21 Barrel 1.0 L 1.0 L  95 95 96 100 99 102 
22 Bromoxynil MCPA 1.0 L   100 NT 98 NT 102 NT 
23 Buctril MA  1.4 L  NT 103 NT 97 NT 98 
24 Affinity + MCPA (Amine) 50 g + 0.5 L 50 g + 0.5 L  98 97 100 97 100 95 
25 Diuron + MCPA 0.35 L + 0.4 L   105 NT 102 NT 97 NT 
26 Diuron 50% + 2,4-D 
(Amine) 50%  
 0.5 L + 0.25 L  NT 106 NT 95 NT 109 
27 Glean + Ally + MCPA 3 g + 3 g + 0.3 L   98 NT 103 NT 100 NT 
28 Dicamba 50% 1.0 L 280 mL Z21+ 92 107 93 100 94 101 
 LSD (0.05)    6 9 4 8 6 6 
 CV%    5 8 3 8 4 6 
* Time of application, IBS  -  Incorporated by sowing; IPP  -  Immediately post plant; NT  -  Not tested. 
 Trs12 and 15 applied with BS1000 0.1 per cent, 14 and 20 with Supercharge 0.75 per cent and 18 with 
BS1000 025 per cent. 
 HoeCert is a mixture of Hoegrass + Sertin + Safener. 
 Tr 28 rate is based on Nufarm Kamba 50 per cent. 
 Figures in bold are significantly different from untreated control. 
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Herbicide tolerance of new lupins 
Harmohinder S. Dhammu, Terry Piper and David Nicholson, Department of 
Agriculture, Western Australia 
KEY MESSAGES 
Simazine 4.0 L/ha and Simazine + Atrazine were safe to all the varieties.  Diuron + Lexone was also 
safe to all the varieties except Kalya at Mullewa.  
Bounty (diflufenican 589 g/kg (Group F) + ethametsulfuron 265 g/kg (Group B) a new registered 
herbicide in lupins for control of wild radish and doublegee was safe to all the varieties except Kalya at 
Mullewa.  
Lexone @ 150 g/ha  -  the maximum registered use rate  -  was only tolerated by Belara.  None of the 
varieties tolerated Lexone @ 250 g/ha. 
Three way mixes (Brodal/Sniper + Lexone + Simazine) were not tolerated by any of the varieties at 
Mullewa, but were tolerated by all the varieties except Tanjil at Wongan Hills. 
WALAN 2141 tolerated most of the herbicides registered for lupins quite well.  This variety does seem 
to be sensitive to Eclipse. 
At Mullewa conditions were very dry, plants were stressed almost all year which resulted in many 
herbicides that previously have been shown to be safe to the lupin varieties causing damage, thus the 
results of Mullewa site should be taken with caution. 
AIMS 
To investigate the adverse possible herbicides x lupin varieties interaction.  The herbicide mixes tested 
were aimed at achieving best chemical weed control practice. 
METHOD 
Location Mullewa Wongan Hills 
Varieties tested Belara, Kalya, Tanjil and WALAN 2141 Belara, Kalya, Tanjil and WALAN 2141 
Soil type and pH 
(Cacl2) 
Pale red loamy sand and 4.8 Loamy sand and 4.3 
Plot size and 
replication 
10 x 3 m 
3 replicates 




13 June 2002 
Knife points followed by press wheels. 
12 June 2002 
Knife points followed by press wheels.  
Seeding rate  100 kg/ha 100 kg/ha  




Treat 1-4 12 June 2002 
Treat 5   5 July 2002 
Treat 6-13 19 July 2002 
Treat 14-16 30 July 2002  
Treat 1-4 12 June 2002 
Treat 5 15 July 2002 
Treat 6-13 22 July 2002 
Treat 14-16 2 Aug 2002 
Blanket Sprays Targa 375 mL/ha 25 July 2002 
Fastac100 200 mL/ha 19 Sept 2002 
Select 250 mL/ha 19 Aug 2002 
+ 1% Hasten 
Harvesting Date 1 November 2002 27 November 2002 
Total rainfall (mm) 
June-November 
97.0 141.2 
Total rainfall (mm) 
within 2-3 days of 
post-em treatments 
application. 
0.6-5 July 2002 
0.2-6 July 2002 
0.8-7 July 2002 
6.4-21 July 2002 
2.2-22 July 2002 
2.3-30 July 2002 
2.6-31 July 2002 
2.2-15 July 2002 
0.0-16 July 2002 
0.0-17 July 2002 
1.0-24 July 2002 
0.0-25 July 2002 
0.2-2 Aug 2002 
4.6-5 Aug 2002 
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The trial sites were weed free.  The trials were laid out in strip plot design.  Varieties were not 
randomised but herbicide treatments with in each replication were randomised.  Every 6th plot was 
kept as untreated control to check the spatial variation.  It rained 3-4 hours before treatment 
application on 30 July at Mullewa. 
RESULTS  
Visual rating during early crop growth and at flowering/podding gave the following impressions.  Early 
crop growth observations were taken 2 weeks after application of each spray treatments and at 
flowering stage mainly biomass and height reduction was observed as herbicide symptoms on leaves 
were out grown by that time. 
• Bounty caused leaf tip burning symptoms across all the varieties at both sites.  It also resulted in 
biomass reduction in Kalya and Tanjil at Mullewa and Wongan Hills, respectively. 
• Brodal and Sniper caused leaf spotting/bleaching of the leaves exposed to spray across all the 
varieties.  Symptoms were more severe at Mullewa than Wongan Hills.  Sniper caused more 
intense symptoms than Brodal.  No biomass reduction was observed. 
• Lexone caused leaf tip burning/leaf scorching symptoms across all the varieties.  All the plants 
in the plot were affected and upper 60-70 per cent of the leaves of the individual plant were 
affected the most.  Lexone also caused biomass reduction.  Increase in rate of Lexone from 150 
to 250 g/ha resulted in increase in intensity of symptoms and biomass reduction.  Tanjil was 
most and Kalya was least affected at both sites.  Lexone 250 g/ha killed > 80 per cent of Tanjil 
plants. 
• Eclipse caused yellowing, biomass and height reduction across all the varieties.  Mainly upper 
20 to 25 per cent of the leaves and all the stipules of the individual plants were light 
green/yellow during early crop growth.  
• Brodal/Sniper + Lexone caused mainly Brodal and Sniper symptoms at Mullewa, where as at 
Wongan Hills in these treatments Lexone symptoms were more pronounced.  Brodal/Sniper + 
Eclipse treatments resulted in mainly symptoms of Eclipse at Wongan and of both herbicides in 
mixture at Mullewa.  These treatments also caused biomass reduction.  Three way mixes 
caused biomass reduction as well across all the varieties and Tanjil was most affected. 
Effect on yield 
Following herbicide treatments gave significant yield reduction in the varieties. 
Kalya:  Diuron + Lexone and all the post-emergent herbicide treatments except Eclipse at Mullewa.  
Lexone (both rates), Sniper, Sniper + Lexone and Brodal + Eclipse at Wongan Hills.  
Tanjil:  All the post emergent treatments except Bounty, Brodal, Brodal/Sniper + Eclipse at Mullewa.  
Both rates of Lexone, Brodal/Sniper + Lexone, Sniper + Eclipse and Brodal/Sniper + Lexone + 
Simazine at Wongan Hills. 
Belara:  All the post emergent treatments except Bounty, Lexone 150 g/ha and Sniper + Lexone at 
Mullewa.  Lexone 250 g/ha and Sniper + Lexone only at Wongan Hills. 
WALAN 2141:  Both rates of Lexone, Eclipse and Brodal/Sniper + Lexone + Simazine at Mullewa.  
Lexone 250 g/ha, Sniper + Lexone and Eclipse only at Wongan Hills. 
CONCLUSION 
• Visual observations six weeks after seeding indicated that plant growth and height was better at 
Mullewa than Wongan Hills irrespective of the varieties and treatments.  However, final plant 
height and crop growth of all the varieties at flowering/podding stage was much better at 
Wongan Hills than Mullewa.  It may be due the drier conditions particularly during September-
October at Mullewa.  The season finished one month earlier at Mullewa than Wongan Hills.  
These conditions gave lower yields (> 70%) across all the varieties.  LSD values are higher for 
Mullewa, again probably due to lower and more varied yields. 
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• Simazine 4.0 L/ha and Simazine + Atrazine were safe to all the varieties and results are 
consistent with the previous results.  Diuron + Lexone was also safe to all the varieties except 
Kalya at Mullewa.  Yield reduction in Kalya by Diuron + Lexone is in contrast with the previous 
results. 
• Bounty a new registered herbicide in lupins, is a mixture of diflufenican 589 g/kg (Group F) + 
ethametsulfuron 265 g/kg (Group B) mainly for control wild radish and doublegee.  It was safe to 
all the varieties at both sites except Kalya at Mullewa.  Yield reduction in Kalya by Bounty are in 
contrast with the previous results.  However, it caused yield reductions in Tanjil during 2001 at 
Wongan Hills.  
• Yield reduction by both Brodal and Sniper in Belara and Kalya and by Sniper in Tanjil at 
Mullewa is in contrast with the previous results.  
• Maximum rate of Lexone registered to use in lupins is 150 g/ha.  Belara at both sites and 
WALAN 2141 at Wongan Hills tolerated this rate.  None of the varieties tested tolerated Lexone 
250 g/ha at any of the sites.  Kalya tolerated 250 g/ha of Lexone at Wongan Hills during 2001.  
Last season Lexone 150 g/ha caused significant yield reduction in Kalya at both sites.  
However, increase in yield reduction in Kalya by increasing Lexone rates from 150 to 250 g/ha 
was only 7 per cent against 27 per cent, 40 per cent, and 17 per cent in Belara, Tanjil and 
WALAN 2141 at Wongan Hills, respectively. 
• Eclipse caused significant reduction in Belara and Tanjil at Mullewa, but was safe to these 
varieties at Wongan Hills.  Yield reduction in Belara and Tanjil by Eclipse has been reported in 
the previous years.  Eclipse reduced the yield of WALAN 2141 significantly at both sites.  This 
variety has not been tested in the previous years, so needs further testing to determine weather 
the results are consistent or not.  
• A registered mixture of Brodal + Lexone was tolerated by all the varieties except Tanjil at 
Wongan Hills, but caused significant yield reduction in Belara, Kalya and Tanjil at Mullewa.  
Damage in these varieties at Wongan Hills from this mixture has been reported during 1998.  
Brodal + Eclipse also resulted in significant yield reduction in Kalya at both sites and Belara at 
Mullewa.  The results are in contrast with the previous results. 
• Three way mixes caused significant yield reduction in all the varieties at Mullewa and only in 
Tanjil at Wongan Hills.  The results are against the common belief that the three way mixes are 
better tolerated by lupin varieties in the Northern Agricultural region than Wongan Hills/Central 
Agricultural region.  Seed yield of Tanjil and Kalya was also significantly reduced by three way 
mixes at Wongan Hills during 2001.  At Mullewa application of these treatments was done at 
11-12 leaves against 16-17 leaves at Wongan Hills.  At both Mullewa in 2002 and Wongan Hills 
in 2001 comparatively early application to moisture stressed plants might have caused the yield 
reduction.  
KEY WORDS 
lupins, herbicides, phytotoxicity, leaf scorching, seed yield 
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Rate/ha TOA-MW TOA-WH 
Mullewa Wongan Hills 
Herbicides Belara Kalya Tanjil 
WALAN 
2141 
Belara Kalya Tanjil 
WALAN 
2141 
















2 Simazine 4.0 L   97 89 87 86 103 106 98 105 
3 Simazine + Atrazine 2.5 L + 1.0 L   96 90 108 94 107 101 106 97 
4 (*) Diuron + Lexone 1.0 L + 133 g   106 76 86 93 111 109 116 107 
5 (*) Bounty 85 g + BS1000 0.1% 4 leaves 6-8 leaves 83 74 91 90 106 104 101 104 
6 (*) Brodal 200 mL 6-8 leaves 10-11 leaves 78 69 89 86 101 101 99 93 
7 (*) Sniper 50 g   65 63 72 91 96 94 92 100 
8 (*) Lexone150 150 g   84 71 77 83 92 88 65 93 
9 (*) Lexone250 250 g   53 73 42 83 67 82 39 77 
10 (*) Brodal + Lexone 100 mL + 100 g   78 52 64 85 95 97 70 94 
11 (*) Sniper + Lexone 30 g + 100 g   81 79 55 88 84 84 56 91 
12 (*) Brodal + Eclipse 60 mL + 6 g   56 64 88 94 96 88 92 100 
13 (*) Sniper + Eclipse 30 g + 6 g   74 73 82 91 105 95 79 92 
14 (*) Eclipse 10 g 11-12 leaves 16-17 leaves 71 83 71 78 98 94 92 87 
15 (*) Brodal + Lexone + Simazine 100 mL + 100 g + 500 mL   59 54 62 70 90 91 71 93 
16 (*) Sniper + Lexone + Simazine 30 g + 100 g + 500 mL   68 51 58 71 91 92 67 94 
 LSD (0.05)    21 20 19 16 11 6 9 9 
 CV%    24 24 24 16 9 6 9 8 
TOA  -  Time of Application, MW  -  Mullewa, WH  -  Wongan Hills, Treatments (*) had basal Simazine @ 2.5 L/ha. 
Figures in bold and are significantly different from Simazine 2.5 L/ha. 
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Herbicide tolerance of new field pea varieties 
Harmohinder S. Dhammu, Terry Piper and David Nicholson, Department of 
Agriculture, Western Australia  
KEY MESSAGE 
Pre-emergence application of Spinnaker + Lexone (150 mL + 200 g/ha) and Spinnaker + Lexone + 
Diuron (100 mL + 150 g + 1.0 L g/ha) caused significant yield reduction in Helena. 
DUNWA, Parafield and Dundale tolerated all the tested herbicides/herbicides mixtures quite well. 
New herbicides Raptor and Sniper were safe to all the varieties tested.  Sniper is not registered in field 
peas. 
AIMS 
To investigate the adverse possible herbicides x field pea varieties interaction.  The herbicide mixes 
tested were aimed at achieving best chemical weed control practice. 
METHODS 
Four field pea varieties were sown on 14 June 2002 at Mullewa in 10 m wide parallel strips on red clay 
loam soil having pH 5.9 (CaCl2), well suited to peas.  Seeding was done using 103 kg/ha seed rate 
and 60 kg/ha DAP with knife points followed by press wheels.  The varieties were not randomised.  A 
range of herbicide treatments were applied across these strips in three randomised blocks.  Every 
fourth plot was kept as a control plot to check any spatial variation.  Pre-seeding, 3-4 nodes, 6-7 node 
treatments were applied on 12 June, 5 July and 25 July 2002, respectively.  In the trial perfectly weed 
free conditions were achieved but seed yield in the untreated control plots was less than most of the 
treatment plots across all the varieties.  It is difficult to give any solid reason for lower yields in the 
untreated control pots as visually these plots looked similar to other plots that had safe treatments, 
e.g. Bladex.  So the results have been calculated as a per cent of Bladex treatment.  Bladex is a 
registered herbicide in field peas and was relatively safe to all the field pea varieties.  Fastac 100 was 
misted @ 160 mL/ha to control budworms on 10 September and it was sprayed @ 250 mL/ha to 
control heliothis and 23 September 2002.  The trial was harvested on 24 November 2002.  Total 
rainfall at Mullewa from June to November was 97 mm. 
RESULTS and CONCLUSIONS 
Visual observations recorded two weeks after each spray treatments and at flowering gave the 
following impression: 
Brodal, Brodal + Lexone, Brodal + Lexone + Simazine, Sniper, Sniper + Lexone and Sniper + Lexone 
+ Simazine resulted in whitish leaf spotting/chlorosis of the leaves exposed to the spray across all the 
varieties.  The intensity of symptoms was higher with Sniper than Brodal.  In two way or three ways 
mixes the main symptoms were of either of Brodal or Sniper and in these treatments the intensity of 
symptoms was less than their alone application particularly Sniper.  Other treatments did not cause 
any visual symptoms.  The symptoms were almost outgrown by flowering time. 
EFFECT ON SEED YIELD 
In general seed yield across all the varieties was very low (267-363 kg/ha) mainly due to dry 
conditions at Mullewa. 
Pre-emergence application of Spinnaker + Lexone (150 mL + 200 g/ha) and Spinnaker + Lexone + 
Diuron (100 mL + 150 g + 1.0 L g/ha) caused significant yield reduction in Helena.  Spinnaker + 
Lexone results are consistent with the previous years.  Rest of the treatments were safe to this variety. 
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• Dundale, Helena and DUNWA tolerated all the herbicide treatments well.  
• The new herbicides Raptor and Sniper  -  the analogues of Spinnaker and Brodal, respectively 
were tolerated well by all the varieties. 
• LSD values are quite high, may be due to very low seed yield across all the varieties. 
KEY WORDS 
field peas, herbicides, chlorosis, tolerance, yield 
GRDC Project No.: DAW 00027 
Paper reviewed by: Mark Seymour 
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Table 1. Effect of herbicides on seed yield of field peas (per cent of Bladex 2.0 L/ha) at Mullewa (02NO25) 
 Herbicides Rate/ha TOA* Dundale DUNWA Helena Parafield 
  1 Bladex (*) 
(Kg/ha) 








  2 Diuron 2.0 L  90 95 92 82 
  3 Spinnaker 200 mL  103 99 93 92 
  4 Lexone 300 g  87 95 89 96 
  5 Lexone + Diuron 200 g + 1.5 L  72 98 92 106 
  6 Spinnaker + Diuron 150 mL + 1.5 L  89 122 104 113 
  7 Spinnaker + Lexone 150 mL + 200 g  78 113 77 106 
  8 Spinnaker + Lexone + Diuron 100 mL + 150 g + 1.0 L  78 106 73 100 
  9 (*) + Diuron 2.0 L + 1.5 L  79 117 92 83 
10 (*) Raptor 45 g 3-4 nodes 83 126 97 115 
11 (*) Sniper 50 g  86 100 90 90 
12 (*) Brodal 200 mL  81 103 95 111 
13 (*) Lexone 200 g  85 99 88 78 
14 (*) Spinnaker 200 mL  91 136 94 122 
15 (*) Brodal + Lexone 100 mL + 100 g  84 131 87 98 
16 (*) Sniper + Lexone 30 g + 100 g  83 100 87 84 
17 (*) MCPA Na 1.0 L 6-7 nodes 78 105 89 107 
18 (*) Brodal + MCPA Na 60 g + 0.5 L  98 121 88 95 
19 (*) Brodal + Lexone + Simazine 100 mL + 100 g + 0.5 L  86 100 77 84 
20 (*) Sniper + Lexone + Simazine 30 g + 100 g + 0.5 L  82 121 85 97 
21 Untreated Control   68 90 81 100 
 LSD (Herbicides V/S Herbicides)   29 35 22 27 
 LSD (Herbicides V/S Control)   24 24 16 19 
 CV%   22 20 15 17 
*  Time of Application, Treatments (*) had basal Bladex @ 2.0 L/ha; Treatments 10 and 14 applied with 0.2 per cent BS 1000. 




Herbicide tolerance of new lentil varieties  
H.S. Dhammu, T.J. Piper and L.E. Young, Department of Agriculture, Western 
Australia 
A field trial was conducted at Merredin during 2001 to investigate the adverse possible herbicides x 
lentil varieties interaction under weed free conditions.  The herbicide mixes tested were aimed at 
achieving best chemical weed control practice.  Three lentil varieties (Cassab, Digger and ILL 7220) 
were sown on 7 April 2001 in 10 m wide parallel strips on clay loam soil, well suited to lentils.  Seeding 
was done using 100 kg/ha seed rate and 75 kg/ha DAP with 4 inch steel points followed by phoenix 
harrows.  The trial was laid out in Split-strip plot design.  The varieties were the main plots and timing 
of herbicides application (pre-emergence and post-emergence) was the sub-plots.  The main plot 
treatments, i.e. varieties were not randomised, but sub-plot treatments were randomised in three 
blocks.  The herbicide treatments were applied across these variety strips.  Every fourth plot was kept 
as a control plot to check any spatial variation.  Immediately post plant (pre-emergent) treatments 
were applied on 7 April and 3-5 leaf stage treatments were applied on 23 July 2001.  To note any 
phytotoxic effects from herbicides, visual observations were taken 2-3 weeks after their spray.  As 
almost no seed yield was obtained from Lexone 300 g/ha and Raptor treatments, thus these 
treatments were not included into yield analysis.  The trial was harvested on 11 November 2001.  
In summary, the results indicate that: 
➢ Bladex as pre-emergent  -  A registered herbicide in lentils was safe to all the varieties tested.  
Post-emergence application of Bladex or Simazine seemed quite promising particularly in 
comparison to Brodal  -  A registered post-emergence herbicides in lentils.  Bladex either pre or 
post and Simazine post-emergent did not caused any visual symptoms. 
➢ Diuron (2.0 L/ha) alone or in mixture with Bladex at lower rate (1.5 L/ha) caused more than 
10 per cent yield reduction in Cassab and Digger, although these reductions were not 
statistically significant.  Yield reduction by Bladex + Diuron may be due to population reduction 
(8-15%) in these varieties.  Interestingly, yield reduction in ILL 72720 by these treatments was 
< 10 per cent.  Spinnaker + Diuron also caused significant yield reductions in Digger. 
➢ Spinnaker applied as pre and post-emergent reduced the biomass in range of 25-38 per cent 
and 10 per cent across all the varieties, respectively.  Its pre-emergence application caused 
significant yield reduction in all the varieties where as post-emergence application in Digger 
only.  A new herbicide Raptor, an analogous of Spinnaker, caused stunted plants, reduced the 
crop biomass (25-40%) and ultimately yield of all the varieties was very very low. 
➢ Pre-emergence application of Lexone caused 10-20 per cent biomass reduction across all the 
varieties.  Digger was most affected.  This treatment resulted in significant yield reduction in 
Cassab and Digger.  Lexone mixture with Diuron also caused yield reduction in Cassab 
significantly.  Interestingly Lexone mixture with Spinnaker was tolerated very well by all the 
varieties.  In general Lexone alone or in mixture with Spinnaker or Diuron or both caused less 
yield reductions in ILL 7220 than Digger and Cassab. 
➢ Lexone 200 g/ha as post-emergence was tolerated quite well by all the varieties, particularly 
Digger and ILL 7220, even though it caused moderate leaf tip burning/leaf scorching during 
early crop growth.  However Lexone 300 g/ha killed more than 90 per cent of the plants across 
all the varieties and ultimately yielded nothing. 
➢ Brodal and Sniper caused whitish leaf spots/chlorosis on the leaves exposed to spray in all the 
varieties.  The intensity of symptoms was higher with Sniper than Brodal.  These symptoms did 
not result in significant yield reduction in any of the varieties tested.  Sniper at 50 g/ha rate 
which is roughly equivalent to 200 mL of Brodal, was tolerated very well by all the varieties.  
Brodal + Lexone and Sniper + Lexone were also safe to all the varieties.  In these treatments 
during early crop growth, low intensity Brodal and Sniper symptoms were observed. 
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➢ Broadstrike  -  A registered herbicide in lentils, was tolerated well by Cassab.  Oil is not register 
to use with Broadstrike, but can improve weed control.  Use of oil with Broadstrike has been 
reported to be damaging in other pulse crops under certain circumstances, e.g. in presence of 
disease.  Broadstrike + oil was tolerated better by Digger and ILL 7220 than Broadstrike alone.  
These are unusual results and needs further testing to verify the results. 
Table 1. Effect of herbicides on seed yield of lentils (per cent of untreated) at Merredin (01ME73) 
 
Herbicides Rate/ha Cassab Digger ILL 7220 
Pre-emergence treatments (IPP) 
1 
Untreated control  







2 Bladex (*) 2.0 L 103 91 97 
3 Diuron 2.0 L 88 75 131 
4 Spinnaker 200 mL 57 58 34 
5 Lexone 300 g 53 56 74 
6 Lexone/Diuron 200 g/1.5 L 67 73 92 
7 Spinnaker/Diuron 150 mL/1.5 L 77 67 64 
8 Spinnaker/Lexone 150 mL/200 g 105 100 116 
9 Spinnaker/Lexone/Diuron 100 mL/150 g/1 L 73 69 87 
10 (*) + Diuron 2.0 L + 1.5 L 80 75 92 
  LSD (0.05)   28 33 66 
  Post-emergence treatments (3-5 leaves) 
1A 
Untreated control 







11 (*)Raptor 45 g 3 6 1 
12 (*)Sniper 50 g 101 81 124 
13 (*)Brodal 100 mL 80 79 112 
14 (*)Lexone200 200 g 86 117 128 
15 (*)Lexone300 300 g 0 0 0 
16 (*)Bladex  1.0 L 87 87 65 
17 (*) Spinnaker 100 mL 82 63 66 
18 (*) Simazine 750 mL 88 84 90 
19 (*)Brodal + Lexone 50 mL + 100 g 90 84 161 
20 (*)Sniper + Lexone 30 g + 100 g  83 102 80 
21 (*)Broadstrike 20 g 91 44 40 
22 (*)Broadstrike + Oil 20 g + 0.25% 53 90 85 
  LSD (0.05)   33 31 74 
*  Time of Application, IPP  -  Immediately post-plant, Treatments (*) had basal Bladex @ 2.0 L/ha. 
Treatments 11 and 17 applied with 0.2 per cent BS 1000, Treatment 22 with 0.25 per cent Uptake Oil. 
Figures in bold are significantly different from untreated control. 
GRDC Project No.: DAW 618 and Pulse Productivity and Industry Development Project 
Paper reviewed by: Mark Seymour 
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Kill half leaf ryegrass with Spray.Seed® at night 
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton 
KEY MESSAGES 
• Half leaf ryegrass was controlled when sprayed with Spray.Seed® 1 L/ha on an overcast day. 
• Spray.Seed® + Diuron applied at night or during overcast conditions may be the most effective 
method for controlling small grass weeds.  Laboratory trial work will be conducted in February 
2003 to test this hypothesis. 
• Glyphosate gave poor control of half leaf ryegrass. 
BACKGROUND AND AIM 
Half leaf ryegrass is very hard to kill with herbicides alone.  Glyphosate is translocated to the tip of the 
grass where it is ineffective.  Spray.Seed® burns off the top of the plant, which can then recover as it 
is living on its seed reserves.  Trial work in 2000 and 2001 showed that Spray.Seed® and glyphosate 
are equally ineffective when applied to half to one leaf ryegrass with control ranging from 30 per cent 
to 79 per cent.  It has been hypothesised that weed control with Spray.Seed® may be improved when 
applied in the absence of sunlight due to improved translocation of the chemical. 
METHOD 
Property Ian and Clinton Hunt, Coorow 
Plots 3 m wide x 30 m long plots, 2 reps 
Soil type Yellow sand over gravel 
10 May 2002 Site was pegged and sprayed with Spray.Seed® 2 L/ha to kill a background population of 3 to 
4 leaf ryegrass that had germinated on a previous rainfall 
14 May 2002 The boom spray was set up to apply 50 L water/ha at 12 kph, through 02 (blue) nozzles.  
Ryegrass was at the half leaf stage, approximately 240 plants/m2.  Spray conditions were 
extremely overcast (i.e. no sun visible), winds 5/8 km/h decreasing towards nightfall.  
Glyphosate treatments were applied from 2 p.m.  Spray.Seed® treatments were applied from 
5 p.m. onwards.   
RESULTS 
Table 1. Ryegrass density (plants/m2) for a range of knockdown herbicide treatments 
Treatments  -  applied 14 May 2002 
21 May 
rye/m2 
1. Nil 342 
2. Spray.Seed 1 L/ha 66 
3. Spray.Seed 1 L/ha + Logran Lightning 50 g/ha + Hasten 0.5% 87 
4. Spray.Seed 1 L/ha + Diuron 150 g/ha 54 
5. Diuron 150 g/ha 205 
6. Spray.Seed 1 L/ha + Trifluralin 480 @ 1.2 L/ha 80 
7. Trifluralin 1.2 L/ha 220 
8. Spray.Seed 1 L/ha + Hammer 30 mL/ha 69 
9. Spray.Seed 1 L/ha + Pledge 30 g/ha + Hasten 1% 79 
10. Spray.Seed 1 L/ha + Kerb 1 kg/ha 89 
11. Kerb 1 kg/ha 283 
12. Glyphosate 750 mL/ha 192 
13. Glyphosate 750 mL/ha + Diuron 150 g/ha 207 
14. Glyphosate 750 mL/ha + Pledge 30 g/ha + 1% Hasten 103 
15. Pledge 30 g/ha + 1% Hasten  216 
16. Glyphosate 750 mL/ha + Hammer 30 mL/ha 159 
17. Hammer  30 mL/ha  197 
18. Glyphosate 750 mL/ha + Logran Lightning 50 g/ha + Hasten 0.5% 146 
19. Logran Lightning 50 g/ha + Hasten 0.5% 150 
20. Touchdown B Power 1.63 L/ha (equiv of gly 490 @ 750 mL/ha) + 0.5% Hasten 146 
LSD 118 
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Figure 1. Ryegrass control (per cent) for a range of glyphosate, Spray.Seed® or other herbicide 
treatments. 
Ryegrass counts include late germinating ryegrass that germinated between spraying the treatments 
and counting.  The vast majority of ryegrass counted in the Spray.Seed® treatments appeared to be 
freshly germinated ryegrass as there were no visible burnt tip symptoms as seen in previous trials.  
Ryegrass counted in the glyphosate treatments were a mix of freshly germinated ryegrass and 
ryegrass that exhibited burnt tip symptoms (i.e. had survived the glyphosate) 
CONCLUSION 
It appears that Spray.Seed® gave approximately 100 per cent control of the half leaf ryegrass.  While 
the data suggests that Spray.Seed® gave only 80 per cent control of the ryegrass, anecdotal evidence 
suggests that the surviving plants were actually a new germination of ryegrass that was never sprayed 
with Spray.Seed®.  Previous trial work has shown that half leaf ryegrass that survive applications of 
Spray.Seed® typically exhibit the symptom of a burnt leaf tip.  This symptom was not apparent in the 
Spray.Seed® plots in this trial. 
Ryegrass control with glyphosate was significantly lower than ryegrass control with Spray.Seed®.  
Ryegrass plants that survived glyphosate exhibited the burnt leaf tip symptom.  Glyphosate moves 
through the plant from source to sink.  When ryegrass is at the half leaf stage, the main sink is the 
growing leaf tip.  Glyphosate, therefore is translocated to the leaf tip when the grass weed is very 
young.  As the plant grows (i.e. beyond 1 leaf) the sink becomes both the roots and shoots.  
Glyphosate sprayed at this time is translocated throughout the plant. 
The ‘Hair Cutting’ technique involves spraying wheat at the half leaf stage with Spray.Seed® with the 
objective of killing weeds larger than one leaf.  Bowran and Buckley (1991) demonstrated that wheat 
can recover from this treatment to yield 95 per cent of the unsprayed control.  The standard 
recommendation for this practice has been to spray wheat at the half leaf stage with Spray.Seed® in 
full sunlight where no Diuron has been applied pre-sowing or in a mix with Spray.Seed® to avoid 
killing the wheat crop.  If we apply this to killing half leaf grass, the recommendation should be to spray 
small grass with Spray.Seed® + Diuron in overcast conditions or at night.  Further laboratory and field 
research will test this hypothesis.   
Some new group G herbicides are now on the market.  Their main role is as a glyphosate spike to 
improve control of hard to kill broadleaf weeds such as Mallow and Wild Radish.  They appear to have 
some activity on ryegrass, albeit a low level of activity.  Glyphosate + Pledge (i.e. new group G) was 
the best of the glyphosate treatments, although this result was not significant. 
Kerb is primarily a root uptake herbicide.  This trial is not a fair test of Kerb. 
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CLEARFIELD™ wheat to control hard-to-kill weeds 
Abul Hashem1, Catherine Borger2 and Nerys Wilkins2, Department of Agriculture, 
1Centre for Cropping Systems, Northam and 2Dryland Research Institute, Merredin  
KEY MESSAGES 
• Midas® used on CLEARFIELD™ wheat effectively controls hard-to-kill weeds such as radish, 
ryegrass, wild oats and barley grass. 
• Midas® should be used at 5-leaf stage of CL wheat; high crop damage is likely if sprayed at 
2-leaf stage. 
• High seeding rate such as 100 kg/ha sprayed with 50 per cent Midas® produced high yield of 
CL wheat. 
• High seeding rate provided optimum control of ryegrass heads at lower rate of Midas®. 
• Full label rate of Midas® should be sprayed when barley grass is present. 
AIMS 
Midas® at 900 mL/ha is a recommended herbicide to control weeds in CLEARFIELD™ wheat (CL 
wheat) in WA.  CL wheat varieties have been conventionally bred by Department of Agriculture, WA.  
They are not GMOs.  Midas® controls ryegrass, wild oats, barley grass, brome grass, wild radish, 
doublegee, wild mustard, wild turnip, etc. in CL wheat.  High seeding rate of wheat usually increases 
its competitive ability but it also increases production cost.  When using high seeding rate, the 
profitability of this crop should be sustained.  Some research results from the Eastern States indicate 
that herbicide rate may be reduced if barley is sown at a high seeding rate (Walker et al. 1998).  Such 
interactions between wheat seeding rate and herbicide rate have not been investigated in WA.  The 
aim of this study was to examine if increasing seeding rate of CL wheat in combination with varying 
rate of Midas® sprayed at two stages of wheat could improve weed control and increase crop yield. 
METHOD 
Four trials (two in Wongan Hills and two in Avondale) were conducted in 2001 and 2002. In each trial 
five seeding rates (50, 75, 100, 125 and 150 kg/ha) were combined with five rates (0, 225, 450, 675 
and 900 mL/ha) of Midas® sprayed at two stages (2 and 5-leaf) of CL wheat.  The treatments were 
laid out in split-split-plot design with stage of herbicide application in the main plot, seeding rate in the 
sub-plot and herbicide rate in the sub-sub-plots with three blocks in each year and location. 
In 2001 at the Wongan Hills Research Station, wild radish was the dominant weed species.  At the 
Avondale Research Station, wild oats was the dominant weed species although weed density was 
very low.  Wheat yield, crop damage and extent of weed control were measured.  The crop was sown 
on 8 June on a sandy loam soils at Wongan Hills and red loam soil at Avondale in 2001.  
In 2002 at the Wongan Hills Research Station, annual ryegrass was the dominant weed species but 
radish density was also considerable.  At the Avondale Research Station, barely grass was the 
dominant weed species.  Wheat yield, crop damage and extent of weed control were measured.  The 
crop was sown on 6 June on a sandy loam soil at Wongan Hills and on 14 June on a black loam soil at 
Avondale in 2002. 
RESULTS 
Wheat yield in 2001 
At Wongan Hills where radish was the dominant weed species, highest wheat yield was produced at 
100 kg/ha seed rate and 450 mL/ha Midas® sprayed at 5-leaf stage (Figure 1).  Wheat yield did not 
increase with increases in Midas® rate over 450 mL/ha.  In the absence of Midas®, wheat yield at 100 
or 150 kg/ha was nearly 20 per cent higher than the yield at 50 kg/ha.  At 450 mL/ha Midas®, the yield 
produced at 100 kg/ha was 36 per cent higher than at 50 kg/ha (Figure 1).  Such yield advantage due 
-71- 
to high seeding rate and lower Midas® rate was not found at Avondale in 2001, probably due to the 
very low density of weeds. 
Wheat yield in 2002 
At Wongan Hills where ryegrass was the dominant weed species, wheat yield increased with 
increasing Midas® rate up to 900 mL/ha although yield was depressed at 225 mL/ha due probably to 
localised frost damage.  Yield was not affected by the stages of spraying (Figure 2).  At Avondale 
where barley grass was the dominant weed species, wheat sprayed at 5-leaf stage produced higher 
yield than when sprayed at 2-leaf stage (Figure 2).  Yield of wheat sprayed at 5-leaf stage increased 
with the increases in Midas® rate up to 675 mL/ha while yield of wheat sprayed at 2-leaf stage did not 
show such a trend at Avondale.  High damage (20 per cent) to wheat plants sprayed at 2-leaf stage at 
higher rate of Midas® compared with no damage when sprayed at 5-leaf stage, together with 
extremely dry soil conditions, might have restricted the yield benefit of high seeding rate at Avondale. 
Weed control 
In 2001 at Wongan Hills, radish control was 100 per cent when 250 mL/ha Midas® was sprayed at 
2-leaf stage while 900 mL/ha was required to effectively control radish sprayed at 5-leaf stage 
(Figure 1).  In 2002 at Wongan Hills, 900 mL/ha Midas® controlled 96 per cent heads of ryegrass at 
50 kg/ha of wheat and 98 per cent at 75 or 100 kg/ha seeding rate regardless of the stage of spraying 
(Figure 3).  Lower Midas® rate (450 mL/ha) in combination with higher seeding rate such as 100 kg/ha 
gave similar control of ryegrass heads to 900 mL/ha at 50 kg/ha, indicating that additional competitive 
pressure exerted by higher seeding rate could minimise the rate of Midas®.  In 2002 at Wongan Hills, 
450 mL/ha Midas® sprayed at 2-leaf stage gave 100 per cent control of radish while at 5-leaf stage 
675 to 900 mL/has was required to achieve optimum radish control (data not presented).  In 2002 at 
Avondale, highest barley grass control was achieved at 900 mL/ha Midas® (Figure 3).  Wheat seeding 
rate and stage of spraying did not affect the control level of barley grass.  Although weed density was 
very low in 2001 at Avondale, weed control increased progressively with increases in Midas® rate and 
no interaction between Midas® rate and seeding rate was found. 
Figure 1. Effect of seed rate and Midas® rate on the yield of CLEARFIELD™ wheat sprayed at 5-leaf 
stage of wheat (left). Radish control percentage by Midas® applied at 2 or 5-leaf stage of 
wheat at Wongan Hills in 2001 (right). LSD.05 for wheat yield was 293.8 kg/ha and for radish 
control 6.84 per cent. 
Figure 2. Effect of Midas® applied at 2 or 5-leaf stage on the yield of CLEARFIELD™ wheat at Wongan 
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Figure 3. Interaction of seeding rate and Midas® rate on ryegrass control at Wongan Hills in 2002 (left); 
effect of Midas® on barley grass control at Avondale in 2002 (right). 
Crop damage 
No crop damage was visible in 2001 at either site.  In 2002, 20 per cent crop damage was recorded at 
Avondale when Midas® was sprayed at 2-leaf stage while no crop damage was visible when sprayed 
at 5-leaf stage.  At Wongan Hills in 2002, 5 per cent crop damage was recorded when Midas® was 
sprayed at 2-leaf stage while only 0.4 per cent crop damage was recorded at 5-leaf stage (data not 
presented).  
CONCLUSION 
Midas® should be sprayed at 5-leaf stage of CL wheat varieties.  If sprayed at 2-leaf stage, higher 
weed control efficacy may be achieved if a weed such as wild radish is the dominant weed but crop 
damage is expected.  A higher seeding rate (100 kg/ha) and lower Midas® rate (450 mL/ha) produced 
higher wheat yield at Wongan Hills when radish was the main weed species.  Full label rate of Midas® 
should be used when hard-to-kill weeds such as barley grass are present.  Higher seeding rate may 
provide optimum weed control at a lower Midas® rate when weeds such as ryegrass and radish are 
present in the Wongan Hills area.  Such interaction was not found in Avondale. 
KEY WORDS 
CLEARFIELD™ wheat, seeding rate, Midas® rate, spraying stage, wild radish, annual ryegrass, wild 
oats, barley grass 
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Diuron, a possible alternative to simazine 
pre-emergent in lupins 
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton 
KEY MESSAGE 
• Diuron appeared to be safe when applied pre-sowing or PSPE to a level seed bed, however, 
more tolerance trial work is required to test the limits of Diuron before broad scale 
recommendations can be made. 
• Diuron appears to give good radish control, however, research confirming that Diuron is capable 
of controlling triazine resistant radish is required.  
BACKGROUND AND AIM 
Wild Radish and Annual ryegrass have both developed resistance to the triazine herbicides 
(i.e. Simazine and Atrazine, Group C) in the NAR.  Diuron, also a group C herbicide, is a different 
sub-group to the triazines, and may offer control of triazine resistant radish.  Diuron is registered for 
use in Lupins in WA up to 2 L/ha pre-emergent.  It may be possible for growers to use Diuron 
pre-emergent for radish control in lupins as an alternative to the triazines if crop safety is acceptable.  
The aim of this trial was to explore the use of Diuron for broad leaf weed control in lupins sprayed 
pre-sowing (Pre), post-sowing, pre-emergent (PSPE), and post-emergent (PE) with acceptable crop 
safety. 
METHOD 
Location Property of Peter Ward, Mingenew 
Soil type Yellow loamy sand 
Crop Belara Lupins, sown 10 May 2002 at 68 kg/ha 
Plots 46.5 m x 3 m wide with three (3) replications of herbicide treatment.  Soil treatments not 
replicated 
Herbicides 15 herbicide treatments (see results for treatments) applied at three separate times, 
i.e. pre-emergent, post seeding pre-emergent (PSPE, 15 May) and post emergent 24 June.  
No basal Simazine pre.  Treatments applied at right angles to paddock workings. 
Soil treatments The following soil treatments were applied at right angles to herbicide treatments. 
(a) Furrow sown with knife points and presswheels  -  10 May 2002. 
(b) Levelling with harrows 5 days after sowing. 
(c) Rolling (with a light steel roller) to flatten top of furrow immediately after sowing. 
(d) Rolling to flatten top of furrow  -  at 4 leaf stage of lupins  -  28 May 2002. 
RESULTS AND CONCLUSIONS 
Diuron did not reduce lupin yield when applied pre-sowing with knife points and presswheels even at 
the 3 L/ha rate.  Diuron 3 L/ha did, however, reduce lupin yield when applied post-sowing 
pre-emergent (PSPE) to furrow sown lupins.  Phytotoxicity was observed as rows of dead plants and 
scorched leaf tips of surviving plants where Diuron was applied PSPE to furrows. 
Harrowing to level the seed bed appeared to reduce the damage caused by Diuron.  Diuron 3 L/ha did 
not reduce lupin yield when it was applied PSPE before or after harrowing.  Harrowing (and PSPE 
spraying) was conducted 5 days after seeding (the target was to harrow within 24 hours of seeding) 




Rolling PSPE to flatten the top of the furrows appeared to have a similar effect as harrowing.  There 
was no difference in lupin yield between any of the herbicide treatments that were rolled PSPE.  
Previous trial work has demonstrated that rolling with a steel roller can increase doublegee 
germination.  There were no doublegees at this site and there appeared to be no effect of rolling on 
radish germination.  Late rolling appeared to be too late to reduce Diuron damage.  Lupins appeared 
to be tolerant of this late rolling. 
Dual Gold® + Diuron is unregistered for use in Lupins, but it shows promise for ryegrass control.  This 
trial, as well as others in 2002, suggests that lupins have good tolerance of this mix. 
Diuron was applied post-emergent at the 8 leaf stage of the lupins with no crop effect and no reduction 
in lupin yield.  This is unregistered, and is a practice that has caused severe crop damage in the past.  
The post-em Diuron rates used in this trial are not adequate to kill large radish, but may kill 2 to 4 leaf 
doublegees.  This practice is considered to be extremely risky and is not recommended. 
Table 1. Wild Radish density (weeds/plot) and lupin yield for a range of soil and herbicide treatments 
Treatment 
Furrow sown Harrows PSPE Roll PSPE 
Roll late 


















  1. Simazine 1 L/ha 13.3 1.63 4.7 2.03 6.7 1.99 4 1.99 
  2. Diuron 1 L/ha 10 1.80 8.7 2.00 11.3 2.06 9.3 2.20 
  3. Diuron 2 L/ha 9.33 1.74 5.3 1.90 8.3 1.95 5.3 1.93 
  4. Diuron 3 L/ha 9 1.98 3 2.22 4 2.29 6 2.13 
  5. Diuron 500 mL/ha + 
Dual Gold 500 mL/ha 
23.3 1.90 8 2.17 14 1.93 12.7 1.94 
Post sowing/pre-emergent  -  before rolling/harrow treatments 
  6. Diuron 2 L/ha 6.7 1.81 2.7 2.09 4.7 1.99 2.7 1.89 
  7. Diuron 3 L/ha 3.3 1.20 4.3 1.97 2.3 1.55 2.7 1.30 
Post sowing/pre-emergent  -  after rolling/harrow treatments 
  8. Simazine 1 L/ha pre + 
Diuron 2 L/ha post 
seed 
2.0 1.76 1 2.28 2.3 1.95 2 2.03 
  9. Diuron 1 L/ha 6 1.88 5.3 2.06 7.7 2.01 4.3 2.17 
10. Diuron 2 L/ha 6.7 1.58 6.0 2.09 6.3 1.87 1.3 1.66 
11. Diuron 3 L/ha 6.3 1.56 3.7 2.23 2.7 1.84 2.3 1.64 
12. Diuron 500 mL/ha + 
Dual Gold 500 mL/ha 
12.7 1.91 8.3 2.21 4.7 1.83 6 1.97 
Post sowing  -  6 to 8 leaf stage of lupins 
13. Diuron 200 mL/ha  
(50 L water/ha) 
18 1.70 9 2.00 11 2.13 11 2.09 
14. Diuron 200 mL/ha  
(30 L water/ha) 
16 1.87 10 2.28 9.3 1.99 13.3 1.70 
15. Diuron 200 mL/ha + 
Brodal 100 mL/ha 
(30 L water/ha) 
22 1.78 10 2.18 12 1.93 10.7 1.86 
Average Yield  1.74  2.11  1.95  1.90 
LSD 7.1 0.27 4.0 0.24 5.4 ns 5.6 0.44 
Lupin density 
(plants/m2) 
14.5 12.2 9.1 19.8 
(prior to rolling) 
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Figures 1 and 2. Lupin yield and radish density (plants/plot) for a range of herbicide treatments; 
Figure 1 furrow sown lupins; Figure 2 lupins furrow sown then harrowed to level post-
sowing pre-emergent (PSPE). 
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Dual Gold® soft on barley, soft on weeds in dry 
conditions 
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton 
KEY MESSAGES 
• Ryegrass control with Dual Gold® was disappointing, probably due to dry conditions. 
• Barley demonstrated good tolerance to a range of herbicide mixtures. 
• Dual Gold® + Diuron is best applied post-sowing, pre-emergent to a level seed bed. 
BACKGROUND AND AIM 
Dual Gold® (i.e. s-metolachlor) is registered for the control of water weeds such as Toad Rush at 
250 mL/ha for Canola, Barley, Oats, Wheat and Triticale.  Dual Gold® is also registered for the 
suppression of Annual Ryegrass in Barley and Oats at 375 to 500 mL/ha.  Dual Gold® is a group K 
herbicide so it represents an alternative mode of action for the control of annual ryegrass (Lolium 
rigidum).  Previous trial work has shown that ryegrass control with Dual Gold® is improved when 
mixed with Diuron (500 mL/ha).  Growers have also been known to add some Metribuzin to this mix to 
improve Brome grass control.  Due to crop safety issues it is very unlikely that Dual Gold® will ever be 
registered at 500 mL/ha in wheat, however Barley appears to be more tolerant. 
The aim of the trial was to assess Dual Gold® in mixtures with other herbicides for the control of 
ryegrass and brome grass, and to assess crop safety in barley crops with modern seeding machinery. 
METHOD 
 Site 1 Site 2 
Location Property of Jamie Greaves, Mingenew Property of Craig Butler, Mullewa 
Crop Yagan Barley, sown 1 June 2002 Stirling Barley, sown 28 May 2002 
Seeding 
machinery 
Concorde air seeder, Anderson opener points 
ribbon seeding, 5’ pneumatic presswheels 
Chamberlain combine with air kit, knife 
points and presswheels 
Herbicides 12 treatments applied pre sowing, 29 May 10 treatments applied pre sowing, 27 May 
Soil type Yellow loamy sand (Non-wetting) Red sandy loam 
RESULTS 
ns denotes no significant difference. 
Treatment 
Greaves Butler 




  1. Control 391 5 165 35 1634 
  2. Dual Gold 500 mL/ha 211 3 85 22 1783 
  3. Dual Gold 400 mL/ha 290 4    
  4. Diuron 500 mL/ha 411 3 133 37 1670 
  5. Metribuzin 150 g/ha 391 2    
  6. Metribuzin 200 g/ha 465 4 158 18 1748 
  7. Dual Gold 500 mL/ha + Metribuzin 200 g/ha 375 4 84 27 1892 
  8. Dual Gold 400 mL/ha + Metribuzin 150 g/ha 347 5    
  9. Dual Gold 500 mL/ha + Diuron 500 mL/ha 326 4 75 22 1811 
10. Dual Gold 500 mL/ha + Diuron 1 L/ha   50 22 1859 
11. Dual Gold 1 L/ha + Diuron 500 mL/ha   23 34 1812 
12. Diuron 500 mL/ha + Metribuzin 200 g/ha 371 3 91 15 1840 
13. Dual Gold 500 mL/ha + Metribuzin 200 g/ha + Diuron 
500 mL/ha 
357 5 53 35 1836 
14. Dual Gold 400 mL/ha + Metribuzin 150 g/ha + Diuron 
350 mL/ha 
321 4    
LSD ns ns 50 ns ns 
DG = Dual Gold®, Diu = Diuron 500, Met = Metribuzin 750, rates are all mL or g per hectare. 
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CONCLUSION 
Barley demonstrated good tolerance to all of the herbicide mixtures applied.  No phytotoxicity (i.e. crop 
effect) was observed, and there was no effect of herbicides on yield at the Butler site (Greaves site 
was not harvested).  Soil conditions were particularly dry at both sites which may have contributed to 
this high level of crop safety (i.e. no chemical was leached into the root zone of the barley). 
Ryegrass control with Dual Gold® mixtures was disappointing, particularly at the Greaves site where 
Dual Gold® 500 mL/ha + Diuron 500 mL/ha (i.e. the label rate) achieved only 17 per cent ryegrass 
control.  The same brew at the Butler site controlled 55 per cent of the ryegrass.  Dual Gold® is taken 
up primarily through the coleoptile of the emerging weed.  It is important for Dual Gold® to be applied 
to the soil surface (preferably PSPE) and the soil surface to be moist for two to three weeks after 
seeding, to maximise weed control.  If the soil surface dries out after sowing the crop, the coleoptile 
uptake of Dual Gold® by the weeds is limited, and the level of weed control is reduced. 
The non-wetting nature of the sandy soils is likely to limit the effectiveness of Dual Gold® for ryegrass 
control.  The Greaves site (non-wetting sand) received more growing season rainfall than the Butler 
site (Red sandy loam), yet ryegrass control was better at the Butler site.  Anecdotally, Dual Gold® is 
more effective on loamy to clay soils compared to sandy soils.  There will, of course, be exceptions to 
this rule, but it stands to reason that the surface of sandy soil is more likely to dry out than that of the 
loamy soil.  For the same reason, Dual Gold® is more likely to be effective in high rainfall 
environments than low rainfall. 
Metribuzin did little to control Brome Grass at both sites.  Metribuzin typically gives variable results for 
Brome Grass control.  The trial did demonstrate that Barley may be tolerant of the three way mix of 
Dual Gold®, Metribuzin and Diuron.  This will need to be tested in a wetter season over a range of 
sites to confirm this tolerance.  This mix is unregistered, and is therefore not recommended. 
An unseeded gap demonstrated the benefits of applying Dual Gold® + Diuron post-sowing, 
pre-emergent as compared to applying the herbicide pre-sowing.  While we cannot compare this result 
statistically, it appeared that ryegrass control was better in the unsown area (70 per cent control at 
label rates and up to 94 per cent control) than where Dual Gold® + Diuron was applied pre-sowing. 
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Dual Gold® soft on lupins, soft on ryegrass in dry 
conditions 
Peter Newman and Glenn Adam, Department of Agriculture, Geraldton 
KEY MESSAGES 
• Dual Gold® is currently not registered for use in lupins in Western Australia. 
• The results of this trial suggest that Lupins are tolerant of Dual Gold® and therefore, it may be 
worth pursuing registration of this herbicide for use in lupins. 
• Ryegrass control with Dual Gold® was unsatisfactory, probably due to the dry soil conditions. 
BACKGROUND AND AIM 
Dual Gold® (s~Metolochlor) is a group K herbicide that has some activity on ryegrass, particularly 
when applied in a mixture with Diuron.  As ryegrass develops resistance to a range of herbicides, 
alternative mode of action herbicides (such as group K) are sought after by growers.  Dual Gold® is 
currently registered for ryegrass suppression in barley and oats.  Trifluralin currently forms the 
backbone of ryegrass control for many growers in a cropping rotation.  There is a temptation to use 
Trifluralin in every phase of the rotation, which will no doubt result in wide spread Trifluralin resistant 
ryegrass.  Dual Gold® may offer an alternative for ryegrass control in a cropping rotation if it is 
registered.  
METHOD 
Trial area sown with knife points and presswheels by farmer as part of a bulk lupin crop.  Three 
replicates of 15 treatments. 
The front half of the trial received no basal Simazine. 
The plots containing Trifluralin were harrowed to incorporate the Trifluralin immediately after spraying. 
Table 1. Herbicide treatments applied pre-sowing (Pre) or post-sowing, pre-emergent (PSPE) 
Treatment 
Pre-sowing with knife points and presswheels 
  1. Nil 
  2. Dual Gold 500 mL/ha 
  3. Diuron 500 mL/ha 
  4. Dual Gold 500 mL/ha + Diuron 500 mL/ha 
  5. Dual Gold 1 L/ha + Diuron 1 L/ha 
  6. Diuron 2 L/ha 
  7. Trifluralin 480 1.25 L/ha 
  8. Dual Gold 500 mL/ha + Trifluralin 1.25 L/ha + Avadex 500 mL/ha 
  9. Dual Gold 500 mL/ha + Trifluralin 1.25 L/ha 
10. Dual Gold 500 mL/ha + Diuron 500 mL/ha + Trifluralin 1.25 L/ha 
Post-sowing/pre emergent to level seed bed (harrowed) 
11. Nil  
12. Dual Gold 500 mL/ha 
13. Diuron 500 mL/ha 
14. Dual Gold 500 mL/ha + Diuron 500 mL/ha 
15. Dual Gold 1 L/ha + Diuron 1 L/ha 
RESULTS 
Lupin plant density:  47/m2 (+ harrows) and 44/m2 (- harrows). 
There was no significant difference in yield between any treatments. 
There was a significant difference in ryegrass numbers between treatments; LSD 26.6. 
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Figure 1. Lupin yield (kg/ha) and ryegrass density (plants/m2) for a range of herbicide treatments; 
Yield pre = lupin yield for herbicides applied pre sowing, Yield PSPE = lupin yield for 
herbicides applied PSPE; rye = ryegrass. 
Yield pre = lupin yield for treatments applied pre sowing, rye pre = ryegrass/m2 for treatments applied 
pre sowing, PSPE = Post sowing pre emergent. 
CONCLUSION 
There appeared to be no difference in yield between the plus and minus basal Simazine areas.  All of 
the results presented and discussed received Simazine 2 L/ha pre sowing. 
Dual Gold® had no effect on lupin yield in this trial.  The dry seasonal conditions may have contributed 
to this high level of crop safety.  This trial is not a herbicide tolerance trial, however, it does suggest 
that Lupins have some tolerance to Dual Gold® and future investigation is warranted. 
Dual Gold® requires moist soil conditions for optimal ryegrass control.  Dual Gold® plus Diuron at 
label rates controlled only 25 to 40 per cent of the ryegrass.  Dual Gold® is taken up by plants largely 
through the coleoptile as it emerges through the soil surface.  Ideally the soil surface should be moist 
for two to three weeks after seeding of the crop for Dual Gold® to work at its best.  2002 was a dry 
season at Coorow, which is the most likely reason for the poor ryegrass control. 
Treatments including Trifluralin gave the best ryegrass control in this trial.  Trifluralin, when 
incorporated into moist soil forms a gas which impedes ryegrass germination.  This gas appears to 
have the ability to persist when the soil dries, and continues to kill ryegrass.   
The use of harrows to level out the seed bed for the PSPE treatments appears to have stimulated a 
germination of ryegrass.  The control treatment for the harrowed area had 64 ryegrass/m2 compared 
to 20/m2 for the control of the unharrowed area.  Applying Dual Gold® PSPE to a level seed bed is the 
recommended practice, however, if harrowing is necessary to level the seed bed, the increased 
ryegrass germination may outweigh the benefits of Dual Gold®.  
Lupins demonstrated good tolerance to Diuron 2 L/ha (i.e. treatment 6).  In total this treatment was 
sprayed with Simazine 2 L/ha (i.e. basal Simazine) plus Diuron 2 L/ha.  Diuron may be an alternative 
to Simazine for paddocks where Wild radish has developed resistance to the Triazines as there is little 
cross resistance between Diuron and the Triazines despite them both being group C herbicides. 
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Lupin yield and ryegrass density for a range of Dual Gold treatments 
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